VAN NOSTRAND’S 
ECLECTIC 


ENGINEERING MAGAZINE. 





No. VI—JUNE, 1869.—VoL. I. 





PERMANENT WAY. 


REPORT OF THE STATE ENGINEER OF NEW 
YORK, PREPARED BY 8S. H. SWEET, 
DEPUTY. 

From the advance sheets of the Report of the 
State Engineer and Surveyor of New York, on 
Railroads. 

{Continued from page 388.] 

Stee, Ratts—Tuae ReEsvuits.—Besse- 
mer steel rails have been in regular and ex- 
tensive use abroad, over ten years. For 
some five years large trial lots have been 
laid on various American roads having heavy 
traffic, and during the last two years import- 
ations have largely increased. 

The manufacture of steel rails has also 
been commenced at four large establish- 
ments in this country, and some 7,000 tons 
of home manufacture have been produced 
and laid down. It is estimated that from 
40,000 to 50,000 tons of steel rails are in 
use on our various railways. Among the 
users of steel rails are the Hudson River, 
Erie, and Pennsylvania railways — 10,000 
tons or more each; the Lehigh and Sus- 
quehannah (entirely built of steel) ; also the 
Philadelphia & Baltimore; Camden & Am- 
boy line; Lehigh Valley; New York Cen- 
tral; New York & New Haven; Naugatuck ; 
Morris & Essex; Cumberland Valley ; South 
Carolina; Chicago & Northwestern; Chicago 
& Rock Island; Chicago & Alton; Michigan 
Southern ; Michigan Central; Lake Shore 
line ; Chicago, Burlington & Quincy ; Pitts- 
burg, Fort Wayne & Chicago; also the Bos- 
ton & Providence, Boston & Worcester, Bos- 
ton & Maine, Boston & Albany, Eastern, 
Connecticut River and other lines in New 
England. 

Vou. I—No. 6.—33. 





Tae Wear or Steet Rarits.—As no 
steel rails are reported to have worn out on 
our roads, the comparative durability of 
steel and iron cannot be absolutely deter- 
mined. : 

The president of the Philadelphia & Bal- 
timore railway states (in the letter before 
quoted) that the use of steel commenced in 
1864, that the rails (25 miles in all) were 
laid on the most trying parts of the line; 
that none have been taken up on account of 
breakage, wear or defect; that upon the por- 
tion of the line near Philadelphia, the first 
steel rail imported had already worn out six- 
teen iron rails; and that none of the steel 
rails have shown any imperfection, but are 
all wearing smoothly and truly. 

On the Pennsylvania railroad, the report 
of the Chief Engineer for 1868 states that 
11,494 tons of steel rails had been purchas- 
ed, and 9,956 tons laid. The first were laid 
in 1864. They are all wearing smoothly, 
showing no change except the slight diminu- 
tion of section to be reasonably expected 
from the heavy traffic. No steel rails have 
yet worn out. The report of the Superin- 
tendent (Feb., 1869), says: “The use of 
steel rails continues, with satisfactory re- 
sults, and 4,544 tons of this material have 
been laid since date of last report.” 

It is officially reported that on the Cam- 
den & Amboy line, some of the steel rails 
laid three years ago are now good in places 
where iron lasted but a few months. 

The last report of the Engineer of the 
Lehigh Valley railway says: ‘Another year’s 
wear has made no perceptible impression upon 
the 200 tons (of steel rails), the first of which 
was laid in May, 1864, none of which have 
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broken or given out since last report. These 
rails have had a severe test, being in those 
places in the track where they are subject to 
the greatest wear, and being laid with a chair 
which is much inferior to the most approved 
joint now in use. There is no longer any 
possible doubt as to the superiority of steel 
over iron in economy, as in every other 
respect.” 

Unofficial reports from the Erie, Hudson 
River and other roads show that the above 
statements represent the average quality of 
steel rails. 

The last report of the New York & New 
Haven railway states that ‘“‘the subject of 
steel rails has received special attention, and 
after a careful investigation of all the points 
involved, it has been determined hereafter to 
make all renewals of track with steel rails 
only ; 2,600 tons of Bessemer steel rails have 
been contracted for on account of renewals 
for the present year.” 

The report of the Morris & Essex railway 
for 1868 says: ‘“‘ During the last year one 
track through the tunnel has been relaid with 
steel ”’—also some 150 tons of steel laid else- 
where. ‘‘ The wear of steel shows conclusively 
that economy will require its use on all heavy 
grades and sharp curves.” 

The last report of the New Jersey Rail- 
road and Transportation Company says: “It 
is probable that steel rails will be gradually 
laid the entire length of the road, the great- 
er durability of these rails, overcoming the 
objection to their increased cost. 

Within the last three years, two notable 
papers have been read before the Institution 
of Civil Engineers, in London, upon the 
maintenance of way and the wear of rails— 
the papers of Mr. Price Williams and Mr. 
C. P. Sandberg. They were followed by 
prolonged discussions, in which the makers 
of iron rails took a conspicuous part, lectur- 
ing the engineers on professional subjects. 
The general facts and conclusions elicited 
have been published in the various engineer- 
ing periodicals, and are extremely favorable 
to steel for lines of heavy traffic. A great 
number of instances of the comparative wear 
of steel were cited. In one case 23 iron 
rails had been worn out, where a steel rail, 
laid end to end with the iron, was not yet 
worn down. In other cases the wear was 17 
to 1. It is conceded that any steel rail will 
outlast 6 iron rails. In fact, the remarkable 
wearing qualities of steel rails have never 
been doubted or questioned. 

BREAKAGE OF STEEL Raiis.— Some 





steel rails of English, French and American 
manufacture have broken in service. In 
several cases the cause has been ascertained 
by the direct analysis of the broken rail, 
The cause was phosphorus. In some other 
cases, where analyses were not made, the 
general character of the iron used has been 
ascertained, and the trouble has been infer- 
red to be phosphorus, or, in some cases, an 
excess of silicon. It is well known to steel 
makers that a very minute proportion of 
phosphorous (above .02 per cent) will make 
Bessemer steel brittle. In other cases, rails 
have broken at the mark of the “ gag” or 
instrument for straightening the rail cold. 
The rails had not been properly hot straight- 
ened, or were finished at too low a heat. 
More rails have broken through punched 
fish-bolt holes and at punched nicks in the 
flange, than at any other places. Experi- 
ments prove that punching a hole in a steel 
rail sufficiently hard to wear well, weakens 
it. . Three or four rails are reported to have 
broken, or rather crumbled, by reason of 
large flaws. Upon examination it was found 
in one case, that a steel rail end had been 
placed in the ingot mold, and that the liquid 
steel poured around it had not perfectly 
united to it. This practice in casting was 
therefore abandoned. In another case, a 
lump of clay appeared to have fallen into the 
mold and to have become cast into the ingot. 
In another case, too much of the fag end of 
the ingot had been left upon the rail—in 
other words, the rail had been sent out in an 
unfinished state. These causes of failure 
will be again referred to. : 

The total breakage of steel rails, in this 
country, and the comparative breakage of 
steel and iron have not been reported. The 
total breakage of steel on several roads has 
been officially reported. 

Upon Jan. 1st, 1869, on the Hudson River 
railway, out of eleven thousand tons of steel 
rails in use, some of which had been laid 
three years, eleven rails had broken. The 
greater number of these rails were in use 
during the excessively cold winter 1867-8, 
when it was unofficially reported* that 113 iron 
rails broke in one day on this railway, and 
when it was officially stated that 1,000 iron 
rails broke in a month on the Erie railway. 

On the Erie railway, out of 8,000 tons of 
steel rails in use Jan. 1, ten rails had brok- 
en. Some 800 tons of these rails were of 
American manufacture, and none of them 
have broken. 


* «¢ Engineering,’? March 27, 1868. 
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Upon the main line from New York to 
Philadelphia, a small quantity of steel rails 
were laid four years ago, and 200 tons of 
very slender steel rails, two years ago. The 
rest of the steel on this line was laid in 
1868. Out of the entire 1,500 tons in use, 
one rail has broken. 

Upon the Philadelphia, Wilmington and 
Baltimore railway, the President, Mr. Hinck- 
ley, states (in a letter before quoted) that 
out of 25 miles (say 2,400 tons) of steel rails 
‘we have never broken one in use, nor tak- 
en up one on account of wear or defect.” 

The Chief Engineer of the Pennsylvania 
railroad reports that ‘some lots of Ameri- 
can steel received have been found too hard 
and brittle, having a tendency to break easi- 
ly; these have been carefully excluded from 
main tracks. The recent American steel 
rails furnished have been found fully equal 
in toughness and wear to the best foreign 
steel, having been subjected to severe tests 
under a falling weight.” 

On the other hand, a bad lot of steel rails 
have been removed from the track of the 
Reading railway, and the breaking of some 
steel rails on the Michigan Central railway 
is reported, although the use of steel is con- 
tinued on that line. Mr. James F. Joy, 


President of the Chicago, Burlington and 
Quincy railway and of the Michigan Central 
railway, reports as follows, as to the use of| 
steel rails (3 miles) on the former road: | 
“The result has thus far not been such as to | 
encourage the Board in an extended use of 


it in the ordinary track of the road.” As 
to the results of 3 miles of steel on the 
Michigan Central, Mr. Joy says: “ The steel 
rail thus far has hardly borne the test, hav- 
ing been found more liable to break than 
iron. As the average life of iron on the 
road is about 8 years, it is somewhat more 
than questionable if it will be found econo- 
mical to substitute steel for iron in the track 
of the road. At stations and where the life 
of the iron is short from great wear, it is ex- 
pedient, perhaps, to make the substitution.” 

It is a rather remarkable fact, however, 
that the Superintendent, Mr. H. E. Sargent, 
in the same report of the Michigan Central, 
says: ‘Three hundred tons of English steel 
rail, manufactured by John Brown & Co., 
after the Bessemer process, were laid early 
last year in some places where exposed to 
severe service. They have worked well thus 
far, hardly showing perceptible wear at any 
point.” 

In the absence of further official informa- 








tion, it is fair to assume that the breakage 
of steel rails is only a small percentage of 
the breakage of iron rails. Indeed, the lat- 
ter is of daily occurrence, and is rarely con- 
sidered by the public, except when lives are 
lost, and not always by railway managers 
when they make contracts. 

TEsTs AND IMPROVEMENTS.—The very 
important question now arises—Can steel 
rails be relied upon to give the satisfactory 
results above quoted, or improved results— 
can the evil of breaking be practically over- 
come ? 

We have seen that the chief and usual 
cause of brittleness is phosphorus. It is 
well known that the great deposits of iron 
ore in this country, such as the Iron Moun- 
tain and Lake Superior are practically free 
from this impurity. The quality of the ores 
in this and adjacent States is various. 
Those of the Housatonic valley are generally 
well adapted to steel making; the magnetic 
deposits of Lake Champlain are generally 
unsuitable. The cheap charcoal irons of 
Alabama, Virginia and Tennessee are gene- 
rally very pure. The Cumberland irons of 
England, made especially for Bessemer steel, 
and used by Brown, Cammell and other 
first-class makers there, have also been im- 
ported to our steel works at reasonable rates. 
But however plentiful the ores suitable for 
steel may be in this country, great care in 
smelting and in the selection of fluxes will 
be indispensable to a uniform product. The 
manufacture of pig iron in this country has 
been so remunerative, that iron-masters have 
not heretofore felt impelled to introduce the 
refinements that characterize the smelting 
process abroad. A uniformly bad iron would, 
of course, be avoided by the steel-makers— 
the danger lies in the creeping in of impuri- 
ties, by reason of improper manufacture, 
when the general character of the iron is 
good. This cause of failure may obviously 
be avoided. 

Upon the introduction of the new manufac- 
ture in this country, our stcel-makers appear 
to have made the natural but inexcusable mis- 
take of neglecting analyses, critical inspec- 
tions and rigid tests. This error was copied 
from the early English practice. In both 
cases it led to uncertain results, and injured 
the reputation of the product. Now it is 
reported by our steel-makers that they buy 
no irons until after they are specially ana- 
lyzed; that they mix a large number of irons 
for each charge of steel, so that any acci- 
dental impurities in one may be largely di- 
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luted; that they test all charges of steel by 
welding, cold bending and otherwise; and that 
they test rail ends from each charge of steel 
made. One steel axle maker advertises that 
he makes each axle four feet longer than re- 
quired, and tests it by dropping a 1,640 Ib. 
weight 5 times upon this end from an height 
of 20 feet. 

The punching of steel rails has been aban- 
doned. Several kinds of power and hand 
drilling machines have been introduced, that 
do the work rapidly and well. The loss from 
the neutral axis of a rail, of the little mate- 
rial necessary to let a bolt through, cannot 
sensibly weaken it. To prevent the rails 
from creeping, the engineer of the Pennsyl- 
vania railway pins them to several sleepers 
by means of } inch holes drilled in the 
flange. There are also other and better de- 
vices for preventing end movement, which 
do not weaken the rail at all. 

The grand advantage of steel, for service un- 
der concussion and wear, is its homogeneity. 
Having been cast from a liquid state, it issound 
and uniform, and free from the laminations 
and layers of cinder and numerous welds which 
characterize wrought iron, especially the low 
grades of wrought iron usually put into 
rails. 

The tests above referred to would appear 
to amount to a guarantee against rails break- 
ing in the track. The causes of failure men- 
tioned, are obviously not a necessary feature of 
the Bessemer process, nor is uncertainty re- 
garding the quality of the product an in- 
herent difficulty. Perhaps no metallurgical 
process is more simple and less liable to 
variable features and results, provided always 
that the iron and the other materials and 
the machinery employed are of good quality 
Mistakes in the process of manufacture are 
of very rare occurrence, because it is less 
trouble to go right than to go wrong, and 
because the manufacture is in a very small 
degree dependent on the skill and judgment 
of the workmen. Melted cast iron is weigh- 
ed into the converter, a steady blast is ap- 
plied to it until the flame suddenly and un- 
mistakably drops and changes color, indicat- 
ing the complete removal of the carbon, and 
then a quantity of recarburizing material is 
added by weight. There is no guess work 
at any stage of the process, and the absolute 
determinations of the spectroscope may, if 
required, be employed as to the period of 
decarburization. Bad, refractory materials, 
impure coal, weak and fluctuating blast, and 
careless management of the casting, contri- 





bute to produce defective steel; but the 
chief uncertainty, in this country, has been 
in the pig iron. The experience of the 
Pennsylvania railway, before quoted, proves, 
however, that this difficulty has been avoided. 
And the results at the Cumberland furnaces, 
in England, are remarkable proofs that wni- 
formity and excellence of quality are a sim- 
ple question of blast furnace construction and 
management, when the coal and ores are rea- 
sonably pure. Notwithstanding the searching 
character of the tests referred to, the trial bar 
and the trial rail-end from each charge, it has 
been considered desirable to establish a still 
more certain and comprehensive system of 
tests, and to improve the manufacture by as- 
certaining the effects of different processes and 
treatment upon the ingots. ‘To this end, 
preparations have been commenced at one of 
the steel works in this country, to determine, 
at whatever expense of time and money may 
be necessary— 

Ist. What reasonably rapid and conve- 
nient test of steel rails and axles will repre- 
sent in kind (though, of course, exaggerating 
in degree) the test of actual service, The 
heavy weight falling upon the rail is objected 
to on various grounds. It does not prove 
that the rail will stand smerous blows ac- 
companied by flexure, and it may prove that 
the rail is too soft to wear well. 

2d. The exact effect of temperature upon 
the strength of steel of various grades. 

3d. The effect of annealing upon the 
strength and durability of steel rails. 

4th. The effect, as to strength and dura- 
bility, of drawing down rails from ingots of 
large size, as compared with drawing them 
down from ingots of small size—the exact 
value of reduction. 

5th. The comparative effect, as to strength 
and durability, of drawing the ingots, at the 
first stage, under the hammer or in the rolls. 
However valuable the effect of hammering 
may be upon wrought iron—squeezing out 
the cinder and perfecting the weld in detail 
—the conditions of steel are totally different. 
Steel has no cinder, and is already homoge- 
neous, requiring no welds. It is, therefore, 
probable, that while hammering might make 
the mass a little more dense and hard, roll- 
ing would produce the more uniform struc- 
ture and the more soft and ductile product. 

6th. The uniformity of ingots from the 
same charge of steel. It is obvious that all 
parts of a ladle full of liquid steel, having 
been boiled together and thoroughly mixed, 
should be alike mechanically. Any chemical 
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differences would be impossible at so high a 
temperature—some 5,000 deg. Fahr. Some 
experiments were recently made for the Cen- 
tral Railway of Orleans, to test this and 
other features of Bessemer steel.* The re- 
sult showed the practical identity, not only 
of two ingots chosen at random from the same 
charge, but of the various charges under ex- 
periment. 

IMPROVED TRACTION UPON STEEL 
Raits.—It has been too much the practice 
of railway managers to consider only the in- 
ereased durability of steel. A less striking, 
but perhaps equally important advantage, is 
that it has double the strength and more 





steel-headed rail, and not without success. 
Puddled steel heads have all the structural 
defects of wrought iron, as they are not 
formed from a cast, and hence homogeneous 
mass, but are made by the wrought iron 
process, and are, in fact,a “high” steely 
wrought iron. They are, however, a great 
improvement upon ordinary iron, although 
probably little cheaper than cast steel heads. 
Rolling a plain cast steel slab upon an iron 
pile has not proved successful. The weld 
cannot be perfected, on so large a scale, and 
the steel peels off under the action of car 
wheels. Forming the steel slab with grooves, 
into which the iron would dovetail when the 


than double the stiffness of iron. Some three | Pile was rolled into a rail, has been quite 
years since, Mr. George Berkley made, in| Successful. The greater part of some 500 
England, above 600 tests of the stiffness of| tons of such rails, made in this country, and 
steel and iron rails of equal section. The| put down where they would be severely test- 
rails were supported on 5 ft. bearings, and | €4, about 4 years ago, have outworn some 3 
loaded with dead pressure at the middle. | 170? rails, Others failed in the iron stem, 
The first rails tried weighed 68 Ib. per yard, | which was too light, after a shorter service. 
and loads respectively of 20 tons and 30 tons! Rolling small bars of steel into the head of 
were applied. The average of 427 tests of 20 iron pile has been recently commenced at 


the Ebbw Vale Co.’s and two other standard | 
makers of iron rails, gave, with 20 tons, a 
deflection of § in. and a permanent set of 34 
in. With 30 tons the deflection was 2+ in. 
and the permanent set 2;; in. With Brown’s 
steel rails, 45 tests gave an average deflec- 
tion of but 75; in. and a permanent set of 3 
in. With heavier rails and loads, the com- 
parative stiffness of steel was still more 
marked. The great and constant resistance 
to traction, and the wear and tear of track, 
wheels and running gear, due to the deflec- 
tion of rails between the sleepers, and the 
perpetual series of resulting concussions may 
be much reduced, or practically avoided, by 
the use of rails of twice the ordinary stiff- 
ness; in such a case, however, reasonably 
good ballasting and sleepers would be essen- 
tial. When a whole series of sleepers sinks 
bodily into the mud, the consideration of de- 
flection between the sleepers is a premature 
refinement, If the weight of steel rails is 
decreased in proportion to their strength, 
these advantages of cheaper traction and, 
maintenance will not, of course, be realized. 
The best practice, here and abroad, is to use 
the same weight for steel as had been for- 
merly employed for iron. 

STeEL-HEADED RarLs.—Many attempts| 
have been made in England, on the Conti-| 
nent, and in this country, to produce a good 


} 
} 
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* See Van Nostrand’s Magazine, Vol. I, page 104, 
for complete account of these experiments. 


various mills in this country and in England. 
No conclusions are yet warranted by the 
short trial of these rails. 

There is a growing feeling among engin- 
eers and steel-makers, that the compound 
rail, made wholly or partly of steel, will 
prove more safe and economical than any 
solid rail, and that the defects of the old 
compound iron rail, largely used in this 
State some years since, may be avoided, 
since these defects were chiefly due to the 
nature of the material. The experiments in 
this direction will be watched with great in- 
terest by railway managers, for if the same 
durability of track can be obtained with a 
steel cap as with an all steel rail, the first 
cost will be greatly decreased. A rail made 
in two or three continuous parts, breaking 
joints, is also a practical insurance against 
disaster from broken rails. 


THE SIEMENS-MARTIN PROCESS. 


We print below the particulars of a charge 
of Siemens-Martin steel, produced at the 
works of Messrs. Cooper, Hewitt & Co., at 
Trenton, under the superintendence of Mr. 
F. J. Slade, who introduced the process in 
this country. We are informed that the 
time of the process is often shorter, and the 
yield greater, but that this is a fair sample. 
Certainly not an unduly favorable one. 

We have experimented with a bar of steel 
made by this process, exactly as represented 
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in the following table, and have found it to 
be very soft and tough, and capable of sus- 
taining a very high heat: 


ge, tough cold 
ilar fracture. 
; Strong cold 


vith fine fracture. 


Remarks. 


cold with fine fracture. 
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OUR TECHNICAL SCHOOLS. 


THEIR DEVELOPMENT RATHER THAN 
THEIR INCREASE. 


New England, which, though composed 
of six states, is, in many important respects 
a unit, has her Chandler Scientific School 
connected with Dartmouth College, N. H., 
and recently presented with forty thousand 
dollars, expressly to develop its course in 
civil engineering ; her Massachusetts Insti- 
tuteof Technology at Boston, with an endow- 
ment—-expended and appropriated—-approach 
ing, if not amounting to a million of dollars ; 
her Worcester School of Industrial Science, 
with a total endowment approaching three 
hundred thousand dollars, and a well equip- 
ped machine shop, analogous, for the study 
of mechanical engineering, to a laboratory 
for the study of chemistry; her Agricul- 
tural College at Amherst, with an endowment 


|of a third of a million dollars, and beg- 


ging the State of Massachusetts for one 
thousand more; her 
Sheffield Scientific School at New Haven, 


‘| with an endowment recently stated at ‘‘only 


three hundred and twenty-seven thousand 
dollars,” and her Lawrence Scientific School 
at Cambridge, Mass., also well endowed. 

New York is probably not very far from 
equal to all New England, in extent, popula- 


tion and wealth, and she, accordingly, pres- 


— =| ents her quota so to speak of five schools of 


By Product: 


6, 002 
Coal for Producers, from 7 A. M., April 2ist, to 7 A. M., 
April 22d, soft, 6,864: duration of Charge, 11 h. 57 m. 
Moree or ELrEctTrRO-PLATING Cast 
Iron, BY Pror. Dr. BittaER.—One 
ounce of nitrate of silver is dissolved in 16 
ounces of distilled water when boiling, and 
two ounces of cyanide of potassium are 
added. When these substances are com- 
pletely dissolved, the fluid is mixed with a 
solution of one ounce of chloride of sodium 
in 48 ounces of water. The cast iron ob- 
ject to be plated must be free from oxide, 
and has to be cleansed by dipping it a few 
minutes into nitric acid of a specific gravity 
of 1.2, immediately before being plated. 
The plating is done in the above described 
solution, with the assistance of two or three 
galvanic elements of moderate strength.— 





Polyt. Notizblatt. 


science. There are the Rensselaer Poly- 


939 | Cechnic Institute at Troy; the Engineering 


Department at Union College, Schenectady, 
the Cooper Institute, and the School of 
Mines of Columbia College, both in New 
York City ; and the Scientific Departments of 
the Cornell University at Ithaca. This com- 
parison by no means, implies that New York 
is doing little or nothing for professional 
Scientific instruction. It does, however, at 
this point, suggest the vital question: 
How can these worthy, and, some of them, 
long established beginnings, best be com- 
pleted ? 

Within the brief limits of an article, this 
question can best be answered by a few pre- 
liminary general explanations, followed by 
a brief discussion of some one representa- 
tive example. 

‘“‘Scientific Schools,” then, are, first, either 
simple or compound. By a simple school is 
meant one which gives but one professional 
course and degree. Medical schools, and 
schools of mining, only, are examples to the 
point. By a compound school, is meant 
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one, which gives several parallel courses of | 
study, and corresponding degrees. Such | 


are nearly, or quite all scientific schools in 
the United States. 

Again: from another point of view, the 
engineering, and other scientific schools of 


this country, are either independent, or| 
component schools. The former are sepa- | 


rate organizations. The latter are compon- 
ent parts of larger organizations. Thus, 
the Institute of Technology in Boston, and 
the Polytechnic Institute in Troy, are in- 
dependent schools. The Sheffield School at 
New Haven, and the Engineering Depart- 
ment at Union College, are components of 
Yale College and of Union College. 

Further: There is a marked difference 
between the technizal schools, in respect 
of the requisite age for admission to them, 
considered as indicative of the relative ele- 
vation of their courses of study. Thus, 
boys of fourteen, are admitted to the 
Chandler Scientific School of Dartmouth 
Uollege, while at Troy, the required age is 
nominally sixteen, and virtually over eigh- 
teen, as shown by the records for several 
recent years; and, as the two institutions are 
not known to come into any disadvantageous 
competition with each other, it may be said, 
not ungraciously, that a comparison of their 
published programmes will show a corres- 
ponding difference in the scope and range of 
the studies pursued. 

Schools, again, differ greatly in relative 
wealth, as seen in the opening statements of 
this article, though, if we include moral ele- 
ments, those institutions which are poorest 
in material things, may, like many indivi- 
duals similarly conditioned, be the wealthiest 
in elements of power to shape and enrich 
and strengthen the minds which yield to 
their formative influence. There is, perhaps, 
no proposition concerning life, which does 
not need to be received with thoughtful dis- 
crimination ; and it is certainly true that 
great invested resources, sumptuous edifices, 
and ample equipments, do not, of themselves, 
necessarily make a superior institution, while 
they may even have no better effect than 
the contemplation of Babylon had upon 
Nebuchadnezzar. Nor is this remark a 
jealous sneer at the wealthier institutions. 
Each one of them is welcome to all it asks 
for. The success, throughout the land, of 
the course of professional education in 
science, in which all the technical schools 
are alike engaged, is better than the success 
of any one school. It is only declared that 





the material resources of each institution, 
whether greater or less, are truly valuable 
or not, to it, and, through it, to the public, 
according to the purposes for which and the 
spirit and energy with which they are wield- 
ed. 

Lastly: if only for the sake of doing 
honor to one of the ornaments of New York 
State, and, indeed of the Nation, it must be 
noted that scientific schools, like others, 
differ, as existing cither on the principle of 
reciprocity, by which the student pays a sum 
partly, at least, representative of what the 
training received is worth to him; or on 
that of benevolence, by which the pure, 
earnest, and capable youth, who is appoint- 
ed to do battle with poverty, is helped, by 
his stronger brother, to those things which 
are beyond the compass of his purse, but 
not beyond that of his mind. 

The Rensselaer Institute heads the list of 
the former class of schools, by the high 
tuition which its uncompromising thorough- 
ness enables it, and its lack of any invested 
endowment compels it to demand. The 
Cooper Institute of New York nobly re- 
presents, in the scientific field, the agencies 
which exist to give, to the struggling, a fair 
footing in life. 

These radical grounds of distinction among 
schools, have so multiplied at our pen point, 
while it has traced them, that there is little 
space left in which to discuss actual examples, 
in the light of these distinctions. 

We take the Institute at Troy as the best 
representative example, because, it is not 
only the oldest and best known in the coun- 
try, but is also the ripest for a new reor- 
ganization. Founded as early as 1824, it 
has had upwards of four hundred graduates, 
nearly three hundred of whom are living, and 
many of whom have become, or are becoming 
distinguished. It has now in operation, 
though not on a large scale, three of its four 
proposed four years’ courses; viz., that in 
civil engineering, for which it has long been 
especially celebrated ; that in mining, recent- 
ly established ; and that in natural science. 
It only needs a comparatively moderate 
increase of men and means to enable it to 
meet the growing demand for its published 
course in mechanical engineering ; since its 
admirable location, in a centre of varied 
manufacturing industry, furnishes it with 
actual machines at work, in place of costly 
cabinets of models, useful as these must 
everywhere be, to a certain extent. In its 
civil engineering course, also, it illustrates 
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the superiority of practical examples over 
models, when the former can be had. A 
score or more of widely different wood and 
iron roof and bridge structures are right at 
hand, and on such a scale as to invite interest- 
ed scientific investigation, or practice in 
drafting ; while a noble river, with numerous 
islands; and a sharply defined bordering 
hill region, broken by many ravines, afford 
such practice in both topographical and 
hydrographical engineering field operations, 
as cannot so well be had in door yard ex- 
ercises, or on prairie levels: In mention- 
ing the ripeness of the Institute for a new 
re-organization, allusion is made to the fact 
that it was mainly a school of National 
Science—Geology, Botany, etc.,—until 
1849, when it was re-organized as more dis- 
tinctively an engineering school, with a 
course of two years; which, by a process of 
natural growth, quickly expanded to one of 
three, and, soon after, to one of four years. 
Also to the fact that, to-day, it is doubtless 
the ripest existing school of its kind in 
America for a re-organization with a five 
years’ course, in two main divisions ; first, 
an elevated preparatory course in general 
science and modern languages, of three 
years, to be followed by high and strictly pro- 
fessional courses of two years each, for the 
degrees already contemplated, and, in ad- 
dition, a course in Architecture and Build- 
ing, both civil and naval. Such a two fold 
five years’ course, would doubtless ultimatel 
expand to one of seven years: All of which 
taken in connection with the preceding prin- 
ciples, only leads directly to the conclusion, 
which itis the main object of this article to 
establish, viz., that with the existing number 
of unfinished scientific schools in the country, 
of which the Troy School, with all its cha- 
racteristic advantages and disadvantages, is 
but one, it would be far better to develop 
to organic completeness these existing in- 
stitutions than to further multiply costly 
experimental beginnings. 


HE WrovuacuTt [ron MANUFACTURE.— 
We learn that anthracite coal slack, and 
even sand and ashes, have been substituted 
for ore, in the Ellershausen process, with 
good results. The decarburization was, of 
course effected by the fettling ore; the coal 
both separated the particles and increased 
the heat, thus facilitating the chemical re- 
action; the ashes and sand probably merely 
loosened and divided the mass for the better 
action of the fettling. 





THE PROJECTED MERSEY TUNNEL FROM 
LIVERPOOL TO BIRKENHEAD. 


PARTICULARS OF COST—CHICAGO TUNNEL 
AND OTHER WORKS. 
By Sir Cuarues Fox. 
From the ‘‘ Quarterly Journal of Science.» 
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As a means of inter-communication be- 
tween Liverpool and Birkenhead, a tunnel 
beneath the Mersey has been under con- 
sideration by leading men on both sides of 
the river for upwards of thirty-eight years ; 
and when the inconvenience and loss both 
of time and money which the want of such 
means of transit has ever occasioned are 
considered, it is, in these days of increased 
facilities, a matter of surprise that, while 
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works of real difficulty have been carried 
to completion on every side, this obvious 
want should not have been satisfied. 

There is but one opinion as to the im- 
portance of inter-communication between 
Liverpool and Birkenhead, and it being ad- 
mitted that the great obstacle in the way of 
its realization is the doubt existing in the 
public mind as to the cost at which it can 
be attained, it has been felt that this doubt 
can never be overcome unless the nature of 
the river bed is conclusively proved. 

When this has been done, I am sure that 
the construction of a tunnel through the 
red sandstone rock under the Mersey will 
be found an easy and inexpensive operation, 
as judging from the many similar works 
which have been executed in this rock dur- 
ing the last forty years, (those most anal- 
ogous having been tunnels of various di- 
mensions, carried on at considerable depth 
below the level of the bottom of the river, 
with a view of obtaining a more copious 
supply of water for the town of Liverpool,) 
it has been ascertained that in no material 
can such works be effected at so small a 
cost as through the very strata now well 
known to exist in this locality, the amor- 
phous nature of the rock rendering it pecu- 
liarly advantageous for tunneling operations. 

Tunnels have been made at a low price 
through chalk, as that material is readily 
excavated ; but from its general looseness 
and its consequent tendency to fall, it is 
deemed necessary, for the purpose of ensur- 
ing safety, to put in brick or stone lining, 
and this, as compared with red sandstone, 
which generally requires no such lining, 
considerably augments the cost; and it 
must not be forgotten that the sandstone, 
when excavated from a tunnel in or near a 
town, is saleable for use as building mate- 
rial, while chalk taken from a tunnel, being 
of no value, is more generally run to spoil. 

It would appear that one of the most for- 
midable hindrances in the way of getting 
capitalists to embark their money in making 
tunnels under rivers, of which very many 
are urgently needed, arises from the dispo- 
sition which undoubtedly exists to form an 
unfair comparison between such works and 
the Thames Tunnel, which, as every one 
conversant with the circumstances connect- 
ed with it will know, cost a very large sum, 
although passing under a river of no con- 
siderable breadth. This, however, is no 
fair criterion upon which to judge of any 
other case. This tunnel was constructed 





some forty years since, when the science of 
tunnel making was but little understood, 
and when it had to be applied upon a very 
limited scale, without the advantages aris- 
ing from many later improvements, and 
without the extensive experience derived 
during the last forty years from works of 
this nature, required in the development of 
the railway system all over the world. 

This makes a comparison deceptive, to 
say nothing of the Thames Tunnel having 
to be constructed under all the difficulties of 
passing, not through London clay, which it 
would have done had it been placed a few 
feet deeper, but through the treacherous and 
loose silt and gravel of the bed of the river 
Thames, while the tunnel which forms the 
subject of this paper will pass through solid 
rock. 

To attempt to draw a comparison between 
this project and the Thames Tunnel is but 
to show an entire want of acquaintance with 
the relative circumstances of the two cases, 
for it must be borne in mind that the Act 
authorizing the construction of the latter re- 
ceived the Royal Assent on June 24, 1824, 
more than forty-four years since, and that 
the tunnel was not opened for passenger 
traffic till March 25, 1843, having occupied 
a period of eighteen years and three-quart- 
ers in arriving at completion. 

Were this work now taken in hand by an 
engineer possessing the experience obtained 
in constructing tunnels since the period 
above referred to, taking care to place his 
work deep enough to let it pierce only the 
London clay (to have done which the pre- 
sent tunnel ought to be fifteen feet deeper 
than it is), no doubt the entire work could 
be completed for little more than a tithe of 
the cost (which was £454,700), and need not 
certainly occupy a longer period than two 
years, as is proved by the following facts : 

The excavation for the Thames Tunnel 
commenced in December, 1825, and all went 
on satisfactorily until May, 1827, when the 
upper portion of the works protruding above 
the London clay into the gravel and silt of 
the bed of the river, the first irruption of 
water took place, there being then a length 
of 545 ft. of the tunnel constructed, which 
had been done in a period of seventeen 
months; so that, had no casualty occurred, 
and assuming that the rate of progress was 
not, as it no doubt would have been, aug- 
mented by the natural increase which al- 
ways follows a better knowledge of any 
work, the whole 1,200 ft. would have been 
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completed within three years and two 
months; and this, be it remembered, would 
have been the result if made wholly from 
one end; whereas, with the present increas- 
ed facilities and knowledge of the operation, 
it would have been carried on from both 
sides simultaneously, when, even at the then 
slow rate of progress, the time would be re- 
duced to one year and seven months; so 
that there can be no doubt that, with pre- 
sent appliances, the work of the tunnel 
could, with perfect ease, be completed in 
one year and a quarter; and taking for the 
shafts and other matters, say, half a year 
more, the whole could with convenience be 
accomplished in one year and three-quarters. 

In order to clear up every doubt, I pro- 
pose, at an estimated cost of £20,000, to 
drive a heading under the Mersey from 
shore to shore, a distance of 1,300 yards, 
and thus not only to prove the practicable 
nature of the larger and more complete un- 
dertaking, but also the future cost, while at 
the same time providing the necessary drain- 
age and ventilation for the permanent works. 

The first operation will be to sink a shaft 
on either side of the river, on land belong- 
ing to the Mersey Docks Board, to a depth 
of about 120 ft. below the surface (see plate, 
lower figure). The shaft on the Liverpool 
side will, for a depth of say 40 ft., pass 
through made ground, and will then enter, 
and for the remainder of its length be en- 
tirely through, the solid rock. That on the 
Birkenhead side will be in solid rock 
throughout. These shafts will be about ten 
feet in diameter, and will terminate in large 
sumps for pumping purposes. At each end 
will be erected permanent pumping engines 
and pumps of sufficient power to deal with 
the largest quantity of water that is likely 
to be met with, and which pumps will not 
only be used during the construction of the 
works, but be adapted for keeping the main 
tunnels permanently free from water. 
Winding engines will also be erected of suf- 
ficient power, not only to deal with the ma- 
terial excavated from the heading, but also 
with that from the tunnel itself. 

The shafts having been sunk to the full 
depth, and the machinery fixed, the heading 
will be commenced from either end, and 
driven much in the same way as an ordinary 
mining water level. It will have a very 
slight rise towards the middle of the river, so 
as to drain both ways into the shafts. Judg- 
ing from experience, I expect that at least 
four yards lineal a day will be driven at 





either end, giving a total of 160 working 
days, or thereabouts, for the completion of 
the heading after the shafts are sunk. [ 
have taken much pains to collect evidence 
as to the nature of the rock through which 
the heading will pass, and have found every 
one conversant with the subject unanimous 
upon the point. The general result of my 
inquiries and observations cannot be more 
forcibly explained than by the following 
summary of evidence given before the Re- 
ferees of the House of Commons in 1865. 

The late Mr. Thomas Duncan, then en- 
gineer to the Liverpool Waterworks, stated 
that he knew well the nature of the rock, 
which is not very porous. He did not 
think the quantity of water produced from 
the rock at Birkenhead and Liverpool would 
make the tunnel a difficult work of con- 
struction, and he did not believe there 
would be any difficulty in carrying it 
through, so far as water is concerned. He 
considered that the ‘‘faults’’ existing in 
the sandstone rock, and shown on the geo- 
logical map, were advantageous, as he had 
cut through many of them (having excavat- 
ed in the red sandstone at various points 
over sixty square miles), and had nearly al- 
ways found them filled up with a species of 
concrete, which was perfectly water-tight. 
In a few instances, however, he had found 
them filled with laminated rock, having a 
saccharine appearance, and evidently having 
been subjected to a great heat, and yet 
water-tight. 

Mr. James Abernethy, C. E., stated that, 
having been engineer to the Birkenhead 
Docks, he had large experience of the sand- 
stone rock, of the same character as the 
rock excavated from the Birkenhead Docks, 
which is a close, compact, strong stone, suit- 
able for building purposes. 

Mr. John Fowler, C. E., stated that in 
framing his estimates he had well consider- 
ed the question of possible faults in the 
rock, and, on the whole, preferred to have 
faults of the character known to exist in the 
red sandstone at Liverpool and Birkenhead, 
as they, being impervious to water, back up 
and limit in area the water contained in the 
interstices of the rock. The faults are filled 
either with clay or with some vitreous ma- 
terial. Mr. Fowler further stated that he 
considered red sandstone at all times the 
best material to construct tunnels through. 

Besides the above testimony, there is the 
further fact that Mr. John Hawkshaw, C.E., 
F. R. S., proposes to construct a tunnel un- 
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der the Mersey, near its mouth, where the | of estimate ; and though given by an engi- 


river is very wide and the character of the) 


rock less certain ; and it is therefore evident 
that engineers of eminence are agreed in 
considering the work of making a tunnel 
thoroughly practicable, and that at a mode- 
rate cost. 

As much doubt has been expressed as to 
the possibility of driving the heading for 
any such sum as £20,000, I would remark 
that the Trustees have before them a tender 
from a responsible contractor, who is pre- 
pared to undertake to complete the work 
considerably within that amount, finding all 
necessary plant and machinery, and giving 
approved security to the extent of £5,000. 

Again, the chief item in the cost of this 
work is that of excavation, and the engi- 
neers already mentioned, and who gave evi- 
dence before the Referees, were agreed in 
considering 9s. a cubic yard an ample price 
for this work in the tunnel, including all 
possible contingencies, being, in fact, three 
times the cost of similar work under ordi- 
nary circumstances. I have, however, taken 
20s. per cubic yard for the excavation in the 
heading, which I believe to be far more than 
it can cost. 

That a tunnel, or, as it is called, a sub- 
way, can, in the estimation of those compe- 
tent to form an opinion, be carried under 
the river Thames at a very small cost is, I 
think, proved by the fact that Parliament, 
last session, passed an Act for the ‘ Lower 
Subway ”’ proposed by Mr. P. W. Barlow, 
F. R. 8., C. E., son of the highly talented 
Professor of Mechanics of that name, the 
capital for which is but £12,000, with power 
to borrow £4,000. 

This work is now in course of construc- 
tion, and is to consist of an excavation 
through the London clay 440 yds. in length, 
lined with cast iron cylinders 3” thick, with 
strengthened flanges, whose external diame- 
ter will be 7.13”, or 7 ft. inside. At each 
end there will be a vertical shaft between 
50 and 60 ft. deep, fitted with lifts for the 
purpose of raising or lowering passengers 
from and to a saloon carriage, which will at 
very frequent intervals pass through the 
heading for the conveyance of passengers. 

From each end the subway will fall to- 
wards the center of the river at an inclina- 
tion of about 1 in 40, to a level under the 
river, where the rails will be at a depth of 
61.6 below Trinity high water mark. 

With regard to the above, it may no 
doubt be said that it is as yet only a matter 





neer of standing, and approved by Parlia- 
mentary committees—one of whose special 
duties it is to investigate the estimates, for 
the purpose of testifying to their sufficiency 
—yet the estimates might prove fallacious. 
I now, therefore, proceed to give the cost of 
an important work at Chicago, completed 
some time since, and in many respects anal- 
ogous to the one of which I am treating, but 
beset with some difficulty not to be encoun- 
tered in passing under the Mersey, arising 
in great measure from the more uncertain 
material through which the heading had to 
be driven; that at Chicago being clay, and 
that at Liverpool red sandstone—the one 
being driven for two miles, or 3,520 yards, 
under Lake Michigan, the other only 1,300 
yards under the river Mersey. 

The Chicago tunnel was made by Mr. 
Cheeseborough, C. E., engineer to the mu- 
nicipality of Chicago, for the purpose of 
obtaining a more ample supply of pure 
water for the inhabitants of that important 
city, from a point beyond the reach of sew- 
age contamination ; hence its great length. 

This work, embracing as it does two miles 
of heading, carried through clay, lined with 
two rings of brick-work, including a sum of 
$120,000 expended on the two shafts and 
the appliances connected therewith, cost 
$380,000, or £76,000. 

The above amount spread over the 3,520 
lineal yards of heading, gives £21 11s. as 
the cost of each lineal yard, and deducting 
therefrom £7, the value of the additional 
excavation, centering and brick lining (not 
found neces-ary in tunnels in the red sand- 
stone), it will bring the price per lineal yard 
to £14 11s., without taking into account the 
more than double value of labor at Chicago, 
which has unfortunately greatly augmented 
the outlay upon this work. 

Now, £20,000 expended upon 1,300 lineal 
yards of heading under the Mersey, gives 
the price for each £15 5s., so that, in draw- 
ing a comparison between the two works, a 
greater sum has been taken in the estimate 
for the one than has been actually expended 
on the other, and this is assuming the price 
of labor to be the same in both instances, 
which, however, is by no means the case, 
that at Chicago being very high. 

I may here allude to a very interesting 
and instructive work, also very analogous to 
that proposed under the Mersey, which has 
been carried to a satisfactory conclusion at 
Attock, on the Khyrabad Pass, in India. 
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It consists of a heading 600 yards long, 6 ft. 
sq., driven under the river Indus, through 
a rock which forms its bed, at a depth of 
somewhat over 90 ft. below the surface of 
the flood water. 

It has been carried on by a few laborers, 
under the charge of Mr. Robinson, who 
have succeeded in filling up the fissures they 
met with during the operation by simple 
‘‘ feather’ wedging of wood, and have, by 
this expedient, been able to keep back all 
the water which otherwise would have flow- 
ed into the heading with a force due to the 
whole superincumbent column. 

The cost of this work has been about 
£13,000, and spreading the whole outlay 
over the 600 yards, brings out the cost to 
about £21 14s. per yard, which goes to 
prove that had the labor expended upon it 
been paid for only at English prices, it 
would have been executed at a considerably 
smaller cost than that arrived at by esti- 
mate for making the heading under the 
Mersey. 

I have lately constructed a water level 
nearly one-third of a mile long, through 
harder rock, yet far less compact and more 
broken up, having much larger feeders of 
water than any to be expected in the red 
sandstone. In driving this heading and the 
shafts connected therewith, single feeders 
were met with yielding 1,000,000 gallons 
per diem, yet these were dealt with without 
serious difficulty or expense, the cost not 
having been one-half that estimated for the 
Mersey work. 

In driving the heading a boring-rod would, 
as is usual in water-bearing strata, be kept 
ahead of, and at the top of, the work, and 
thus due notice would at once be given of 
any unusual feeder of water, should such 
exist. 

All ordinary cracks in the sandstone are 
readily made water-tight by the use of a 
‘feather’? wedge of timber tightly driven 
into them. Ifa large crack were met with, 
containing water (a most unlikely thing, as 
has been already shown), a lining of iron 
would be put into the heading, and pushed 
forward as the excavation proceeded, until 
the fault was passed. 

The heading will be circular, and six feet 
in diameter.* It will, when completed, be 
available not only for draining the tunnels, 
but for telegraphic purposes, and probably 





* See Plate. It is unnecessary to give any detail- 
ed description of the Plate, as it explains itself. 





also for conveying water from the Welsh 
lakes to Liverpool, thus avoiding a length. 
ened détour and most expensive works. 

The heading having been successfully 
driven, I am confident that there will be no 
difficulty in letting a contract for a double 
line of railway under the river Mersey for 
£100,000, which would, indeed, give a price 
of £77 per lineal yard of tunnel—the work 
being through good hard sandstone, and 
thoroughly drained by means of the head- 
ing; whereas, £60 a lineal yard is a large 
price for tunnels, even through clay, where, 
of course, heavy lining, including an invert, 
is required. 

The river tunnel being completed, the re- 
maining works necessary to bring the two 
towns of Liverpool and Birkenhead into 
complete communication with each other 
will be ‘of a very ordinary kind, and free 
from any unusual contingency. 

Under the existing Parliamentary powers, 
the railway can be completed in a direct 
line from Church st., Liverpool, to Wood- 
side, Birkenhead, with an intermediate sta- 
tion at the bottom of James st., and by its 
means, and by trains running every few 
minutes, passengers will be conveyed be- 
tween the termini in six minutes. The au- 
thorized line runs entirely either under the 
river or under streets, and not a single house 
will be taken for the railway itself, and only 
one or two for station purposes. The rail- 
way can be readily constructed without in- 
terference with the traffie of the streets. 
The main line will be double, with extensive 
sidings for goods, in direct communication 
with the dock lines on either side of the 
river. 

Surveys have been completed of exten- 
sions, whereby the Mersey Railway can be 
made to form a direct connecting link be- 
tween the important railway systems on 
either side of the river, and this at a mode- 
rate expense, and with the destruction of 
hardly any property. 

The effect produced by the opening of 
this railway will be very great. The docks 
of Liverpool and Birkenhead, now under 
the same management, form the noblest em- 
porium of trade in the world, but their joint 
usefulness is much impaired by the want of 
satisfactory communication between the two 
sides of the river; and the immense re- 
sources of Birkenhead, developed at a cost 
of £7,000,000 sterling for docks alone, are 
lying comparatively idle, whilst the quays 
and docks on the Liverpool side are flooded 
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with a trade increasing daily, and already | 


over-tasking their capabilities. 

More dock and quay accommodation must 
be found. On the Liverpool side, to con- 
struct fresh docks, either north or south, is 
to place them miles away from the center of 
trade—at the north, in a very exposed situa- 
tion, almost unapproachable in heavy wea- 
ther; at the south, only available for ves- 
sels of comparatively small draught—what 
then so natural as to utilize the expenditure 
at Birkenhead, now yielding but a nominal 
return, but which, with the Mersey Railway 
completed, would be placed in a very differ- 
ent position. The Birkenhead docks and 
warehouses would then, as regards both pas- 
sengers and goods, be placed within a few 
minutes, in all weathers, of the heart of 
Liverpool. 

The immense traffic to be expected under 
such altered circumstances may be inferred 
from the fact that with the present imper- 
fect means of communication, often brought 
almost to a standstill by a fog or a gale of 
wind, twenty millions of passengers, at least, 
pass over the ferries annually. 

The Cheshire side of the Mersey abounds 
with pleasure sites for residential purposes, 
and not only New Brighton, but many other 
places would experience an immediate in- 
crease if railway communication were estab- 
lished. Thousands of persons who would 
prefer a residence 6n that side, are at pre- 
sent deterred by the difficulties of the daily 
crossing to their places of business. 

The construction of this railway and its 
extensions, would also place Liverpool in 
direct conimunication with North Wales and 
Holyhead. 

Liverpool, Birkenhead, and their sur- 
roundings now contain at least seven hun- 
dred thousand inhabitants, and the steady 
increase of population renders means of com- 
munication every day more urgent. 

If this railway be not soon completed, an 
immense expenditure must be incurred to 
improve the approaches to the landing 
stages, which will, after all, not get rid of 
the most serious inconveniences connected 
with the ferries, which are chiefly caused by 
fogs and storms. 

Those who have interested themselves in 
the Mersey Railway are in earnest in the 
matter, and if they meet with but moderate 
assistance from those locally concerned, 
Liverpool and Birkenhead will soon be con- 
nected by a direct railway. 





THE DYER COURT OF INQUIRY. 


The Court convened last November to in- 
vestigate the official conduct of Gen. Dyer, 
has made its report to the Secretary of War. 
The investigation extended over a vast 
amount of details, and was exhaustive on 
those points in respect to which the accused 
had been condemned by the Congressional 
Investigating Committee. All possible lati- 
tude was given to the accusors in the matter 
of evidence, they being allowed to produce 
both oral and documentary evidence, and 
permitted to appear and to be represented 
by counsel. Several of them were heard as 
witnesses in support of the allegations, and 
‘it is believed that no evidence offered has 
been excluded, which could possibly have 
shed any light upon the questions involved, 
or which would have affected the decision of 
the Court.”” The high character of the 
members composing it, viz., Gen. George 
H. Thomas, President, and Generals Terry 
and Hancock, members, and Gen. Joseph 
Holt, Judge Advocate, makes the decision 
unquestionable, and will settle all doubts 
in the minds of unprejudiced readers. The 
Court acquits Gen. Dyer of all the charges 
against him. The charge of receiving a 
royalty for the purchase of Absterdam pro- 
jectiles was not sustained by the Court, its 
only foundation being a remark made by 
Gen. Dyer, to the effect that if anybody 
was entitled to a royalty, he himself was. 
The Court say that “the remark, if ever 
made by Gen. Dyer, was made to Mr. and 
Mrs. Dickson, some time after the only order 
ever given by him to Dickson & Lane had 
been issued. [This order was only partially 
filled.} The whole conduct of Gen. Dyer 
in reference to this contract and the pay- 
ments thereon seems to negative the idea 
that he had a corrupt motive in giving the 
contract, or became in any manner interest- 
ed in it. The evidence as to Gen. Dyer’s 
assertion in the matter of royalty, was either 
the pride of an inventor, or a desire to pro- 
tect the interests of the United States. It 
is established by the testimony that he al- 
ways held the opinion that the Government 
should, of right, have the privilege of using, 
free of charge, any invention that might be 
made by an officer in the public service, and 
that he had acted upon this principle when, 
in 1861, the temptation was presented of a 
large sum offered to him for a patent right, 
to be taken out by him on a shell of which 
he seems to have claimed the invention, to 
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be then transferred to other parties. He 
declined to do so, alleging that if the inven- 
tion was of any value, the use of it belonged 
to the Government, and “‘there was not money 
enough in the country to buy it of him.” 
With reference to the charge that the dis- 
placement of Gen. Ramsay, and the appoint- 
ment of Gen. Dyer had been procured by 
an intrigue, in which officers of the Ord- 
nance Department were concerned, the 
Court finds from the evidence, and especial- 
ly from the testimony of Secretary Stanton 
and Asst. Secretary Watson, that it is with- 
out foundation. ‘Mr. Stanton stated that 
Gen. Dyer never solicited the position from 
him, but ‘that he ordered it of his own no- 
tion,’ and that he does not think that any 
human being knew of his determination to 
appoint Gen. Dyer, until after he had con- 
cluded to recommend him to the President, 
except himself and Assist. Secretary Wat- 
son.”” Mr. Watson testified that the Presi- 
dent told him ‘that he had concluded to 
nominate Gen. Dyer to the position, not 
upon any political or personal consideration, 
but solely with reference to his professional 
merit, and the requirements of the service.” 
The findings of the Court are equally ex- 
plicit upon the other points charged, and 
the whole country will not only congratulate 
Gen. Dyer upon the triumphant vindication 
which his own conduct has received, but 
will congratulate itself also upon finding 
such integrity in one of its most responsible 
public servants. D. 


MINING NOTES. 


From the ‘‘ Quarterly Journal of Science.’? 


The project for organizing a Colliery In- 
surance Company, to embrace a provision 
for the survivors of those killed in colliery 
accidents, and to reimburse the colliery pro- 
prietor or worker for any loss accruing to 
his property, is again exciting attention. A 
letter has been published by Mr. Stephen 
Sleigh, of Austin Friars, which clearly 
shows the practicability of such a system of 
insurance. We learn from this letter that 
the value of the colliery property of Great 
Britain is estimated at £70,000,000 sterling. 
The production of coal is at present 104,- 
000,000 tons per annum, and in obtaining 
this, on the average of ten years, 1,000 lives 
are lost in each year. It appears that two 
pence per week per man would produce a 
fund from which £100 could be given to 
widows and children of the deceased collier, 





and that a very small premium, varying of 
course with the district, would secure the 
insurer from any serious loss to his proper- 
ty. As active measures are about to be 
taken to establish this most important prin- 
ciple, we content ourselves at present by 
directing attention to the movement. 

Coal in the Colorado district is a matter 
of great importance. According to the 
‘“*Denver News,”’ General Pierce stated to 
the Board of Trade that besides the bed of 
81 in,, discovered near Fort Supton, on the 
Platte, there were also two beds on the 
Cache-la-Poudre. One of these beds was 
4 ft. thick, and the other about 18in. The 
‘Salina Herald” says that in digging a 
well on the east side of the Smoky Hill 
River—less than two miles from town—a 
bed of good bituminous coal, 18 in. thick 
and about 20 ft. below the surface, was cut 
through. 

Coal mining in France has, during the 
past year, been particularly active. This 
will be seen from the following statement of 
the production during each of the last six 
years : 

Tons (statute). 
11,807,142 


Tons (statute). 
10,516,752 807, 

11,001,249 11,975,164 

11,785,714 | 1868 12,345,000 

The colliers of Belgium have not exhibit- 
ed the same progressive increase. From the 
report of Mr. F. Iocham, Director of Mines 
in the Province of Hainault (which is the 
last published authority on the production 
of coal in Belgium), we learn that to the 
end of 1867 the production was as follows: 
1865. 1866. 1867. 

« 9,206,058 9,831,424 9,595,280 

805,754 358,687 389,586 

2,328,911 2,564,551 2,770,956 


1866 





Total of the king- 
dom in metri- 


cal tons 11,840,728 12,754,662 12,755,822 





The copper mines of Africa have of late 
years been attracting considerable attention. 
The copper lodes in the Insiziva Mountain, 
about twelve miles from the southern boun- 
dary of Natal, are remarkable. Some com- 
paratively small workings have been carried 
on about 80 miles from Port St. John. The 
deposit here is described as about 18 ft. 
thick by 2} ft. in depth. From this descrip- 
tion it is evidently not a vein but a bed. This 
is clearly in a state of decomposition, since 
it is said that ore is replaced by a yellow 
ocherous deposit (gossan of miners) contain- 
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ing nodules of very pure carbonate of cop- 
per or malachite, varying in size from a pea 
to masses of 10 or 25 lb. weight. Some 
miners from D’Urbau penetrated deeper 
into the mountain, and again found a simi- 
lar deposit. Portions of considerable masses 
have been found to contain as much as 56 
per cent of metal, the average, however, 
being from 30 to 40 per cent. Silver was 
found to the extent of 5.30 ounces to the ton 
of copper, and a trace of gold was detected. 

Chromium is stated to have been discov- 
ered in large quantities in Maryland and 
Pennsylvania. Chromate of iron, of fine 
quality has also been found in Victoria. 
We understand samples of this mineral and 
antimonial ores, of good quality, have been 
shipped to this country with a view to de- 
termining their real commercial value. 

In a cave in the mountain of Galenstock, 
which it is well known separates the cantons 
of Berne and Urich, a valuable deposit of 
topaz has been recently found. 

Tin mines in Siam are, on the authority of 
the ‘‘ Journal of the Society of Arts,”’ about 
to be worked. We quote the paragraph: 

“Another tin district is about to be 
opened at the Isthmus of Kra. The im- 
mense value of the tin workings at Junk, 
Ceylon, or Phuket, supposed te be not less 
than 150,000 tons per annum, has incited a 
Chinese merchant to propose the active de- 
velopment of the Kra mines, and as tin is 
supposed to abound along the whole range 
of the Malay peninsula, there are many who 
believe in his success. He is to have the 
government of the district to enable him to 
earry out his desigus. The river of Kra is 
the southern boundary between British Bur- 
mah and Siam.” 

Seeing that the annual production of tin 


is as follows : 
Tons. 
BNORE, 6 cccccccccsccccees coos 7,296 
4,260 
PEEL, civescoceces akebeann - 1,900 
Other parts........... socsccee 8,000 


—the 150,000 tons said to be produced at 
Junk is an evident absurdity. During the 
past year the Chinese merchants have been 
the largest buyers of British and Dutch tin, 
to which circumstance we owe the rapid rise 
in the price of tin which has lately taken 
place. This proves that they have not any 
great expectation of very considerable pro- 
duction of this valuable metal nearer home. 





The prominence which has been given to 
technical education has led to a proposal to 
found a Professorship of Mining in the Uni- 
versity of Glasgow; and a deputation has 
been in communication with Professors 
Ramsay and Huxley, of the Royal School 
of Mines, on the question of establishing a 
mining school in Wales. The experiments 
made already in Glasgow, at Bristol, and by 
Sir Charles Lemon, and others, in Cornwall, 
should teach the lesson that it is quite im- 
possible for the miner to attend any fixed 
central school. The only practical and use- 
ful system of imparting instructions to the 
miners is that—adopted with great success 
by the Miners’ Association of Cornwall and 
Devonshire, and by Mr. Dagliesh, in the 
neighborhood of Seaham —of sending the 
teacher to the miner, and giving him the 
advantages of a school of mines in the very 
midst of the district in which he labors. 

GoLp.—The Nova Scotia gold fields have 
produced during the past three years as 


follows : 
Ounces. 
25,204 
27,314 


The production of the quartz rocks of 
Merionethshire has fallen to 490 ounces in 
the period between October Ist, 1867, and 
December 31st, 1868. 

There has been a small rush to certain 
gold fields in Sutherlandshire. On a dis- 
trict not far from Helmsdale, which was 
known only to a few sportsmen and shep- 
herds, recognized as the Kildonan Burn, a 
regular system of ‘diggings ’’ has been or- 
ganized, and the burn has been christened 
as “Gold Creek.’’ The results are not, 
however, satisfactory, since it appears that 
the most industrious gold-seeker cannot re- 
alize more than five shillings a day. 


HE Heaton Process.—Considerable 
differences of opinion still prevail as to 

the value of the Heaton steel-making pro- 
cess noticed in our last number. We have 
carefully read and considered all that has 
been said in favor of the process, and 
against it. We are not by any means satis- 
fied with the tone which has been assumed by 
those who have entered on the discussion of 
the question. Indeed, it is to be regretted 
that many of the statements which have 
been copied from paper to paper should ever 
have been made at all. They are obviously 


not consistent with our knowledge of the 
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chemical changes effected in a mass of iron | the latter end of November last, and on the 
when subjected to the action of nitrate of | London, Chatham and Dover Railway, be- 


soda. 


We have been informed by one of} tween London and Seven Oaks, during the 


the largest of the Sheffield steel manufac- | following week. Three systems have been 
turers, that, while he waits to see the result | proposed for the purpose, viz: 1. The rope 
of a continuance of the experiments carried | pulls, which is the oldest of them all. 2, 


on at Langley Mills, before he adopts it, he 
is strongly predisposed in favor of the pro- 
cess; that he regards it hopefully, and, we 
are bound to say it, that he is greatly pleased 
with the liberality and openness observed 
by Mr. Heaton. With these remarks, 
which we introduce mainly to convince our 
readers that we are not inattentive to the 
experiments in question, we leave the 
Heaton steel process until its more com- 
plete development removes it from the 
doubful position in which it has been placed 
by injudicious advocacy. 

A discussion of some interest in connec- 
tion with the Heaton process has been 
opened in the pages of ‘“*The Chemical 
News.” It arises out of a paper read be- 
fore the Chemical Society, by Dr. B. H. 
Paul, on “‘ The connection between the Me- 
chanical Properties of Malleable Iron and 
Steel, and the amount of Phosphorus they 
contain.”” Mr. W. Mattieu Williams, of the 
“‘ John Brown & Co. Limited ”’ Works, Shef- 
field, argues that Dr. Paul has shown an im- 
perfect knowledge of his subject. That al- 
though Dr. Paul’s conclusion that 0.50 per et. 
does not impair the quality of steel, is cor- 
rect when it applies ‘‘ to tenacity cs measur- 
ed by a direct and gradually applied longi- 
tudinal or axial strain,” yet that it is abso- 
lutely wrong when it is made to refer to 
steel which is to be employed for cutting in- 
struments of any kind. ‘ It is obvious that 
the power of resisting a sudden, a vibratory, 
and a transverse shock is the property most 
demanded,” and that here the smallest 
quantity of phosphorous is highly injurious; 
‘this is just the property which phosphorus 
tends to destroy.’”-—Quarterly Journal of 
Science. 


C 


OMMUNICATION BETWEEN PASSENGERS 

AND GuarDs.—Under the provisions of 
an Act of Parliament, passed last session, 
all trains running distances of twenty miles 
or more, without stopping, must, after April, 
1869, be supplied with some sufficient means 
of intercommunication between passengers 


and guards. With a view to test the differ- 
ent means for accomplishing this object, 
some experimental trips were undertaken on 





| 


The electrical signalling system, of which 
there are many varieties, and some of them 
have already been in use for a length of 
time on the various lines of railways; and, 
3. The pneumatic system, which, whilst it 
is the newest, is also in many respects the 
most efficient. Space will net admit of our 
giving a detailed description of the several 
systems that were submitted to trial. The 
principle of the rope and electric bell sys- 
tem will probably be well known to most of 
our readers, and we shall not therefore 
make further reference to them here. The 
pheumatic system, being novel, may, how- 
ever, claim a brief notice. The signaling 
apparatus consists of a heavy gong upon the 
engine or tender, and a smaller one in the 
guard’s van. Both these gongs are struck 


|by hammers, which receive direct motion 


from the train when a signal is given. 
When no signal is passed from passengers or 
others, these hammers are kept away from 
the gongs, and they are put into gear in the 
following manner. A tube runs along the 
whole train, beginning at a pump in the 
tender, passing from carriage to carriage, 
and ending ina plug at the back of the 
train. This pipe, which is worked by the 
machine, keeps pumping the air out of the 
pump, and sustains in it a partial vacuum. 
Underneath those vehicles, which are sup- 
plied with gongs, there are shallow cylinders 
in connection with the vacuum tube, from 
which, the air being exhausted, their pistons 
are drawn backwards, and pull thereby the 
striking portions of the bells out of gear. 
Over each compartment a T-piece is insert- 
ed in the tube, and a plug is fitted into its 
lower stem so as to keep the tube air-tight. 
The passengers give signals by pulling out 
these plugs, and this, breaking the vacuum, 
causes the bells to fall into gear. 

That the pneumatic principle possesses 
many advantages over the other two, both 
as to certainty of action and from its non- 
liability to be tampered with, is beyond a 
doubt ; but the committee of Railway Man- 
agers have nevertheless recommended the 
rope system, probably on account of its 
cheapness, and their recommendations have 
been accepted by the Board of Trade.— 


the line between York and Scarborough, at | Quarterly Journal of Science. 
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PAPERS ON CONSTRUCTION. 
No. II. 
By Lieut. C. E. Durron. 
(Contimed from page 311 ) 


13. Resuming the expression derived, 
Sec. 9, from the consideration of the resist- 
ance of a cross section to rupture by a 


. sb 
transverse force, viz: — x’? dz, and not- 


ing that the resistance to compression is 
equal to that to extension, so that the ex- 


2 
: 2sb 
pression becomes =F [een and sub- 


stituting d = 2 z, and integrating 


_ 286 fda sh, and the 
x 6 


moment of inertia M = a bd’. 

These equations are founded upon the 
assumption that the beam has a symmetrical 
section with reference to the neutral axis 
In cases where the cross section is otherwise, 
the position of the neutral axis remains to 


- be determined. Since the moments on both 


sides of this axis, whatever its situation, 
must be equal and opposite, this axis must 
pass through the center of gravity, for no 
other condition will satisfy such an equa- 
tion of moments. The only obvious method 
of determining such a case seems to be to 
resolve the cross section into a number of 
geometrical figures, the positions of whose 
centers of gravity with reference to the 
center of gravity of the whole mass may 
be readily determined, and thus find the 
moment of inertia of each component figure 
with reference to the neutral axis of the 
section. The whole moment will be equal 
to the sum of the moments of the compo- 
nents, and the moment of any component is 
equal to the moment of its area with refer- 
ence to its own neutral axis, added to the 
product of its area into the square of the 
distance between its own center of gravity 
and that of the whole section. Let A’= 
the area of a subdivision, m’ its moment of 
inertia with reference to its own neutral 
axis, and z’ the vertical distance between its 
center of gravity and that of the section; 
then the moment of the whole section 


M= X.m' + A’ x”. 


The following example is’ given by Prof. 
Rankine for calculating the strength of the 
Hodgkinson beam. It is assumed to give 


Vou. I—No. 6.—34. 





way by the tearing of the lower flange. The 
following are the dimensions: 
Area. Depth. 
Upper flange, A' h' 
Vertical web, A” hi" 
Lower flange, a ied 
Total, A’+-A’ +A" =A, h’-h"’+h'’ =h. 


The determination of the position of the 
center of gravity will show the distance of 
the neutral axis above the bottom to be 
pe bf HN A WH) A=W) A 

2 2A 
and the moment of inertia of the section 


Ah” A" hi? Alpe 1 
mMa—Ah+ = + +yy fA! 


Al(h' hi" +2 hi) AA" (ht ER?) AYA! 
(h''+-hi')*}, 
and the moment of resistance 
uM = S = 
x 
14. The formule of transverse strength 
thus deduced are in conformity with those 
obtained by the best authorities on this sub- 
ject. Mr. W. H. Barlow, however, has 
shown conclusively that there enters into 
the strength of beams another factor not 
hitherto discussed, and which is dependent 
on the resistance of the beam to flexure. It 
was found in the case of cast iron beams 
that the calculated force was less than half 
the force actually necessary to rupture the 
outer fibers of a beam, and in speculating 
upon the cause he was led to think it prob- 
able that the effect of the lateral action of 
the fibers or particles of a beam, or the co- 
hesion of successive laminze, constituted a 
resistance to flexure. To test this theory, 
which assumes that there is a resistance in- 
dependent of direct tensile and compressive 
resistance, and varying as the deflection, 
there were cast a number of girders with 
rectangular openings (like Fig. V), all hay- 


Fie. V. 


Oooooog| 


ing the same sectional area in the upper and 
lower ribs, but the distances varying between 
them. In these girders the neutral axis 
would necessarily be in the center, and the 
circumstances of rupture would be the same 
in all except with respect to flexure. 

Let a = the united area of the upper and 
lower ribs, a’ the area of the intervening 
space, d the total depth, c the distance 


' 
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between the upper and lower ribs, 7 the 
length of bearing, W the breaking weight, 
and F the force required to produce rupture 
in the extreme outer particles or fibers. 
Then a-+a’ = the total area of section, and | 

‘ | 
w=2dt (a+a’ sce’ Bee =r 


“Ft. 2Pe(apep ’) 


> = 


(a+a a’) d— “a 
Le hence the value of F becomes 


ges , and if the strength 
a(d +¢+ 5%) 
depended only on the direct tensile strength, 
F ought to be constant and equal to the 
direct tensile resistance of the material, 
which in the beam used was about 18,750 
lbs. It was found, however, when the beams 
were subjected to breaking weight that the 
value of F was much greater, and showed 
a close relation to, and probable dependence 
upon the amount of deflection. Other ex- 
periments upon solid beams gave similar re- 
sults. Finally, a series of experiments was 
made upon beams having the same total 
depths, but with variable depths in the 
openings. These beams would have nearly 
the same amount of deflection when sub- 
jected to a breaking weight. They showed 
very conclusively that when the deflection is 
the same the resistance increases where the 
depth of metal in the beam is increased. 

These experiments then elicited the fol- 
lowing facts as regards beams formed of 
parallel bars, separated at given intervals 
by vertical ribs. 

Ist. That in every case the resistance, or 
the value of F, is greater than that due to 
the tensile strength of the metal. 

2d. That with the same depth of metal 
in the beams, and the same bearing, the re- 
sistance is greater when the deflection is | 
greater. 

3d. That with the same deflection and the 
same length of bearing, the resistance is 
greater when the depth of metal is greater. 

It follows then that there is an element 
of strength depending on the amount of de- 
flection in connection with the depth of 
metal in the beam, or, in other words, de- 
pendent upon the degree of flexure. 

Now, if from the value of F the tensile 
strength of the metal is deducted, it will be 
found that the remainder maintains nearly 
a constant ratio in each case to the depth of 
the metal multiplied by its deflection. It 
would appear then that F is composed of 
two factors, one constant and depending 








upon the resistance to direct tension, the 
other varying directly as the degree of 
flexure. 

Let @= the resistanee to flexure in a 
solid beam at the time of rupture, D= the 
depth, d= the deflection, f= the tensile re- 
sistance, and F = the total resistance. Then 
in a solid beam F=f+9. Also let F’, d’ 
and D’ represent the total resistance, deflec- 
tion and depth, of a beam with an open sec- 
tion ; then the resistance arising from lateral 
action varies as the depth into the deflection, 
and 


U 
The value of @ may be determined 
from this equation in two ways, first by sup- 
posing f to be a constant quantity, and, se- 
condly, by supposing f and @ to have a con- 
stant ratio. Adopting the second mode, let 
1 to m represent the ratio of f to @, then, 


f= m >, andmo+o5 4 = Por 


F' 
a 


mr ay 


which ought to be a constant quantity in all 
experiments. The forms of beam employed 
in the experiments were of two kinds, solid 
rectangular bars and open beams or girders, 
both of cast iron. ‘The value of F in one 
solid beam was found to be 41,709 lbs., and 
the value of f, from experiments on direct 
tension, 18,750 lbs., leaving 22,959 as the 
value of @, so that the ratio of @ to f was 
about 1.00 to .81. The mean of a consider- 
able number of experiments gave the mean 
ratio as 1 to 4. 

These results, though not exhibiting com- 
' plete regularity, were sufficiently uniform to 
indicate that the assumed law of the varia- 
tion of this resistance is a close approxima- 


U U 
tion to the truth. 


o= 


In equation 2 re- 


Dd 


presents the ratio of the depth of metal in 
each beam multiplied by its deflection to the 
depth of metal in the solid beam multiplied 


by its deflection. But the deflections, as 
might have been expected from known laws, 
were nearly in the inverse ratio of the total 
depths of each girder, therefore the degree 
of flexure, and consequently the resistance 
to flexure in each will be nearly as the depth 
of the metal, divided by the total depth of 
the girder, and we are thus enabled to ob- 
tain a formula for computing approximately 
the breaking weights of these girders with- 
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out first ascertaining their deflections. Thus, 
if a f be the resistance due to tension, and 


D 


a. a be the resistance due to resistance 


to flexure, then W= a (f+ $) will be 


the united effect of the two resistances. 

The following are the properties arising 
from this resistance to flexure : 

Ist. It is a resistance acting in addition 
to the direct extension and compression. 

2d. It is evenly distributed over the sur- 
face, and consequently (within the limits of 
its operation) its points of action will be at 
the center of gravity of the half sections. 

3d. This uniform resistance is due to the 
lateral cohesion of the adjacent surfaces of 
the fibers or particles, and to the elastic re- 
action which thus ensues between the por- 
tions of a beam unequally strained. 

4th. It is proportional to and varies with 
the inequality of strain between the fibers 
or particles nearest the neutral axis, and 
those most remote. 

15. Taking the equation of the moment 
of resistance of a cross section, and putting 


it in the form 2 s bf adzx, and in the 


fr @, we have 


M= 2 bf (G—9)zaz. 

Integrating this between z = § d, and z = 
o, we have the formula M= 3/3 f-+}9) bd’. 
If, in the various expressions of the 
strength of cross sections of variable form, 
in the place of 4s, we substitute the co- 
eficient 3(4 f-++ 4), we shall have cor- 
rected formulas for this new element of re- 
sistance, and much nearer the truth than 
those just given. The value of @ may be 
deduced for any weight from equation 2. 
The foregoing results having been obtained 
experimentally from cast iron beams, it 
might have been apprehended that the same 
would not hold good for wrought iron. The 
existence, however of a similar law in the 
case of wrought iron beams was practically 
demonstrated. But the relative values of f 
and dare not so readily ascertained, because 
the material yields by crushing and not by 
fracture. Another point requires considera- 
tion, viz: that the ultimate compressive 
strength of wrought iron is but little more 
than half its tensile strength, while in cast 
iron the compressive is six times the tensile 
strength. But in wrought iron the force 
required to overcome the elasticity of the 


place of =F substituting 





material is nearly the same in compression 
and extension ; the difference being that the 
force which overcomes the elasticity, when 
applied as a compressive strain, distorts the 
material, while in tensile strain the elas- 
ticity may be overcome long before the ma- 
terial yields by absolute rupture. 

16. Deflection of Beams.—Resuming the 
bent lever hypothesis, it will be seen that 
the effect of the weight at any given plane 
of cross section is a tendency to rotate that 
plane about a horizontal axis, perpendicular 
to the neutral axis. To a very small extent 
this rotation actually takes place, the amount 
of motion being limited by the elasticity of 
the material, or the degree to which the 
normal distances between two particles can 
be extended or shortened. The planes of 
cross section, therefore, cut each other at 
the neutral axis. The amount of curvature 
at any point will vary as the force applied, 
and that force is equal to the weight multi- 
plied by the lever arm, or, more concisely, 
is equal to the moment of the weight. 

Let pl be a layer of a beam deflected by 
the weight W, and let z represent the dis- 
tance of any point in it from 7. Then the 








wY 


angles 1 p 2, 2 2/3, 3 x” 4, ete., will vary 
as the curvature of the beam between the 
points of tangency of 1 P and 2 2’, of 22’ 
and 83 2”, of 32” and 42”, ete. This will 
become clear by referring to Fig. VI, where 
P cz’ represents+the angle of rotation be- 
tween the two contiguous surfaces made by 
a plane of cross section. Since, as a condi- 
tion of tangency, 1 p is perpendicular to p 
c, and 2 z’ perpendicular to cz’, the angle 
included by 1 p and 2 2’ must always be 
equal tope2’. Hence the angle included 
between two tangents will vary as the cur- 
vature, which varies as the moment of the 
weight. Again, with a given angle made 
by two tangents, the amount of divergence 
will vary as the length of the tangents, that 
is, the farther any two tangents are extend- 
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ed the more widely they will separate. But 
the length of a tangent for small deflections 
is equal to z, and the divergence between 
any two consecutive ones (denoted in Fig. VI 
by the spaces 1.2, 2.3, 3.4, ete.) is the dif- 
ferential deflection due to the curvature of 
the differential space dz. The deflexion d 
D therefore will vary in the combined ratio 
of the angle, or W z, and the length of the 
tangent, z.e.,as W2*. Finally, it will also 
vary as the length of dz, or as the number 
of particles separated or stretched by the 
foree Wz. Taking m= an experimental 
constant, we deduce the equation 


dD=m W2' dz, 


Sa D= Wm fox dz, 


making z=/, we have D=W m- 


(1) 
(2) 


and 


3 This 


equation is true, however, only for very 
small deflections. But as small deflections 
are the only ones to be encountered prac- 
tically, this will be found sufficiently near for 
practical purposes. The expression W z, 
which is the moment of the weight, is called 
the bending moment in treating of deflec- 
tions. 

17. When the beam is loaded uniformly 
the expression for the bending moment is 
altered. If the point z be taken as pefore, 
the bending force exerted at that point will 
be that due to the weight between x and the 
free end, and its moment, since it is uni- 
Wx 

2 


formly distributed, is But obviously 


Wea 


W' = 1 
W 2’ 
+ 
(1) becomes 
mWadz 
dD= —$r— 
_ Wm fs 
fe D= or J* dz, 
making z = 7, we have 
D=} Wm? (5) 
When the beam is supported at both ends, 
and weighted in the middle, we may with- 


out error consider it as supported in the 
middle, and weighted at each end with one 


and hence the bending moment 


is Using this bending moment eq. 


(3) 
(4) 


and 


half the weight, in which case z= and 


2 
equation (2) becomes 


1 3 
= 75 Wml’, (8) 
When the load is uniformly distributed | 


over the whole length, then by referring to 
Sec. 7 it will be seen that the moment 
of weight, or bending moment, becomes 
whan. oI Substituting this for Wz, in 
equation (1), we have 
apa=@Weril-ajdz 


Sfap=2™ _ mW 


and 


(6) 


21 
"a: ladz ata wdzx (7) 
making z= 47 the expression, reduces to 
D=;3; WmP (8). 
Since the deflection is usually expressed 
in inches, it is advisable in assigning numer- 
ical values to 7, to reduce the measurements 
to inches, so that W 7, or the bending mo- 
ment, always express ‘“‘inch pounds,” and 
thus leave the unit of measurement for de- 
flection in its simplest form. 
18. Thus far we have treated of the de- 
flection only, in its relation to the length 
and weight of the beam, and have practical- 
ly assumed the cross section of the beam to 
be a fixed quantity. It is now necessary to 
treat of the relations of the bending moment 
and deflection to the cross section. In the 
‘foregoing equations the constant m is in- 
tended to be a factor expressing the deflec- 
‘tion of a beam of a given length, and cross 
section under a given weight, while the 
whole equation gives the deflection of a 
beam of the same cross section, but of vari- 
able length. When the cross section is 
variable, m is no longer constant. But it 
still holds a determinable relation to the 
breadth, depth, and modulus of elasticity, 
which can be expressed in terms of those 
quantities. Assuming, then, that m repre- 
sents the deflection of a beam of given 
length, but variable depth, its bending mo- 
ment, W 7, will vary inversely as the mo- 
ment of resistance of the cross section, that 
is,as$sbd’. By referring to Fig. VII it 


Fie. VII. 





c 


will be seen that the angle formed at the 
neutral axis, by the elastic yielding of two 
contiguous particles, will vary directly as 
the bending moment, and inversély as the 
modulus of elasticity and the moment of re- 
sistance of the cross section. But the ten- 
sion on the fiber pz’ remaining the same, 
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the angle pc 2’ will vary as pc, or as 3 d. 
Hence the depth again enters the expression, 


which now becomes m = Esbé& But since 


vz s bd is the moment of inertia of the 
cross section, we may write 


m= ms (1) 

E represents the modulus of elasticity 
with respect either to compression or exten- 
sion. Taking the equations of the preceding 
section and substituting this value of m we 
obtain general expressions for loads variously 
distributed. 

One end fixed and loaded i 

atthe other . . . a 
One end fixed and a D= 

formly loaded aa 
Both ends supported and 

loaded in the middle, 
Both ends supported and on 
uniformly loaded és, 


(To be continued.) 


we 
BET 

We 

SET 
_Wwe 
~ BET 
5We 
38447 


(2) 
(3) 
(4) 
(5) 


IMPROVEMENTS IN COAL GETTING. 


Compiled from ‘* The Practical Mechanic’s Journal.*’ 


That which has more than anything else 
characterized the mechanical progress of our 
own times, the steady and increasing substi- 
tution of machine agency for human and 
animal labor, has not until within a very 
few years made much advance in the under- 
ground workings of the coal-pit. Some 
grand ameliorations have been made, but 
much remains to be done; and so surely as 
the sewing machine was the true remedy for 
the miseries shadowed in the ‘Song of the 
Shirt,” so must the effectual removal of the 
remaining ills of coal-pit labor (and of all 
other labor of analogous character) be found 
not so much in legislation as in the inven- 
tion of effective methods for superseding it. 

There have been other sufferings in coal- 
pit labor besides human ones. Horses are 
still largely employed in drawing the 
“‘corves ’’ of coal from the headings to the 
bottom of the “drawing shaft.’ Without 
being sentimental, it may be boldly said 
that few animal existences can be more un- 
natural or unhappy than that of the coal-pit 
horse. But the increased depth of work- 
ings, the extension of underground “ in- 
clines,”” and many other circumstances, all 
converging towards the question of ‘‘ cost,” 
have sharpened the wits of coal viewers and 
engineers ; and already vast progress has 





been made in the north of England and 
elsewhere, in substituting steam-power haul- 
age underground, by means of the ‘‘ endless 
rope system,’’ for horse labor. Thus, not 
universally, but within certain limits, we 
see the curious succession of women and 
girls as beasts of burden giving way to boys 
and men, these to ‘‘ ponies,’’ and the last to 
steam. Several years have elapsed since 
the earliest attempts were made in North- 
umberland and Durham to apply mechanical 
haulage by one of the four systems under 
which it is at present worked, viz., by that 
of the single tail rope; and at least five 
years ago we ourselves witnessed, in the 
Hetton collieries the degree of perfection to 
which that plan had even then been brought 
under the skillful superintendence of the 
viewer, Mr. J. Daglish, M. E. 

The three other systems now all in use 
are, the endless chain system, the endless 
rope system—of which there are two modi- 
fications, not reckoning as a distinct system 
the endless chain plan of South Wales—and 
the system of single rope planes. In all of 
these the full corves are seized by the rope 
or chain at the required point, dropped off 
free, either by detachment or by cessation 
of the power at the required points, and the 
empty corves are brought back by power. 
A boy is needed to each train, and, as at 
Hetton, the highest ingenuity has been ex- 
hibited in devisal of the methods by which 
detachment from a constantly running rope 
is provided for. To the honor of mother wit 
be it recorded, that the beautifully simple 
and effective, though most original and in- 
genious, form of detaching hook in use at 
Hetton, was invented by one of these un- 
taught boys who guided the trains of corves. 

An admirable account of what has been 
done up to this time in the way of steam 
underground haulage, may be found in the 
“Transactions of the North of England 
Mining Institute,” volume xvii, page 7, for 
August, 1868, with very carefully tabulated 
experiments as to the cost of such haulage 
work. According to circumstances, and 
chiefly to the rate of inclination of the 
trams, and the amount of coal hauled per 
twelve hours, it varies from a little above a 
penny per ton per mile, to nearly fourpence 
per ton per mile, of coal drawn. To these 
able reports we refer our readers, for our 
direct object here is not with the methods of 
leading the coal when ‘“ got” underground, 
but with improvements in the means of get- 
ting it. 
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The methods employed up to the present 
hour for “getting”—d. e., for detaching 
coal from its bed, as generally practised in 
Great Britain—may be said to consist in 
“holing,” under-cutting, or over cutting 
(generally comprised under the term hew- 
ing), the coal by hand labor; to a limited 
extent as yet, performing all these or at 
least two of them, by one form or other of 
** coal-cutting machinery;” wedging by hand 
to bring down the more or less isolated blocks 
of coal; and in many pits blasting the coal 
down or out of its seat, more or less by gun- 
powder or other explosive agents. 

These methods are equally in use, whether 
the coal seams be worked by headings, by 
single or double “ pillar and stall,’’ or upon 
the *‘ long wall” systems; and if we include 
in our view foreign collieries, more especial- 
ly those of France, Belgium and Westpha- 
lia, where the seams are in general much 
more steeply inclined and disturbed than in 
Great Britain, these methods apply equally 
to all thick seams, however circumstanced. 
That blasting has been occasionally produc- 
tive of accidents more or less serious, 
through the chance of the ignited fuze or 


the flash of the explosion igniting fire-damp, | 


admits of no doubt. The absolute number 


of such accidents is small, and their propor- 
tion in relation to those traceable to all | fore going further, that there is a wide field 
other causes is unquestionably small; but| open for experminents with other explosive 
although that is so, it is the obvious dictate | agents than gunpowder, with a view to dis- 


of prudence, if it be found practicable, to/| 
avoid blasting altogether, or in at least all | 


‘fiery seams.”’ No wise manager can feel 
at ease in being obliged to sanction the con- 
tinual use of blasting, where every charge, 
when exploded, may be, for ought that he or 
any one can predict to the contrary, in con- 
nection by an invisible and unknown gasi- 
form fuze with the great explosive maga- 
zines of fire-damp that may be accumulated 
in the “ goafs” or other parts of the work- 
ings. Prima facie, therefore, everything 
indicates the desirability, if possible, of get- 
ting rid of subterranean coal blasting, on 
the grounds of humanity and prudence. 
But let us look at the matter a little more 
narrowly in the light of practical needs, ete. 
Drift-ways must be run into the coal, whe- 
ther thick or thin, in order to reach and 
work the seam. These are often miles in 
length ; unless in the exceptional cases of 
the very thickest seams, the headway re- 
quired by the drift way, heading, or rolley 
way, which is from seven to nine feet, obliges 
more or less of the coal roof or coal seat, or 








of both, but generally of the first only, to 
be removed. This is very frequently com- 
posed of hard grit stone, or of “ clunch,” 
or other argillaceous or arenaceous material 
searcely less hard. For the excavation of 
these primary works, in nearly every col- 
liery, gunpowder, or some equivalent for it, 
is indispensable. 

Again, there are certain coals which are 
themselves so hard that (as yet at least) no 
one has even suggested any way by which 
they can be dislodged from their beds but 
by means of blasting. Such is the case with 
much of the American anthracites, with some 
of those of the European Continent, and, 
above all, with the pure anthracite of the 
Kilkenny coal field in Ireland, which con- 
tains about 97 per cent of pure carbon, 
breaks with a vitreo-conchoidal fracture, 
and is almost as hard and difficult to dis- 
lodge as the rigid carboniferous limestone in 
which the seams occur, and to the ‘‘roof and 
seat’ of which the coal is obstinately ad- 
herent. There are, therefore, cases in which 
coal mining must, to the end of the chapter, 
be pursued by means of blasting, so that we 
have our views as to the substitution of some 
other means of dislodgment thus limited at 
least. 

We ought not here to omit to remark, be- 


cover whether some may not be found, and 
be so exploded that their dislocating effects 
may be employed, and yet that any fuze at 
all, or any flash capable of igniting fire- 
damp, shall be avoided or abolished. As to 
the fuze, there is no longer the slightest 
practical difficulty or objection on the 
ground of expense, complication, trouble, 
delay, ete., in employing galvanic or rather 
magneto-electric fuzes ; and as the igniting 
points of these are plunged in the midst of 
the charge, ignition of fire-damp is no longer 
possible from the fuze; it becomes then 
limited to any flash producible by the charge; 
but may not this, too, be wholly got rid 
of ¢ 

Gun-cotton, nitro-glycerine, dynamite, ni- 
tro-picric powder, all give less flash, and one 
probably less capable of producing ignition 
in surrounding gasses, than that of gunpow- 
der, all being fired as usual. But a discov- 
ery very recently made in Mr. Abel’s labo- 
ratory at Woolwich, and since, to some ex- 
tent, worked out into a practicable form, has 
shown that the explosive effect of gun-cotton 
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in a given charge may be prodigiously in- 
creased in intensity by firing the charge, not 
by mere ignition at all, but by ignition and 
a blow or violent vibratory jar at the same 
instant. The same thing is no doubt true, 
and @ fortiori, of nitro-glycerine. It is thus, 
at this crude stage of the inquiry, plain that 
we have the means of employing explosive 
agents greatly more potent and less capable 
of spreading ignition to fire-damp than gun- 
powder, and that we can still further reduce 
the charges of these more potent explosives 
by employing a suitable method of firing 
them. We may thus reasonably hope to at- 
tain for any given use charges sufficient, yet 
so small that the mere cooling contact of the 
coal or rock split by them shall prevent 
even a very slender probability of the flash, 
if any, Spreading beyond the hole, or reach- 
ing any point to ignite fire-damp. 
Experimental researches to decide the 
scope and value of such an inquiry appear 
to us quite worthy of our most advancing 
and scientific colliery engineers, with the 
aid and countenance of the Northern or of 
the South Wales Mining Institutes. Still 


there remains this incontrovertible proposi- 
tion, so well insisted upon recently by Prof. 
Warrington Smythe, that where there must 


ever remain more or less room for doubt as 
to danger, and that danger such as may im- 
peril many human lives, the judgment of 
every prudent man ought to be, “ get rid of 
explosives in coal mining altogether, if it 
ean be done.” Professor Smythe did not 
affirm that it could be done, nor do we be- 
lieve that it can, in all cases. Beyond ques- 
tion the ablest and most successful attempts 
in this direction, as well as in that at the 





same time for relieving the heavy labor of 
the coal hewer, have been those of the con- 
trivers of coal-cutting machines. ‘These, in | 
several forms— mainly divisible into two 
generic classes, viz., those which hew in the | 
proper sense of the word, 7. e., chop away | 
the coal by blows with a sharp-ended imple- | 
ment like a pick, driven by power; and 
those which slice, or rather grind away the 
coal by one or many advancing tools, slowly 
driven by power, and moved like the cutting 
tools of a slotting machine—have now been 
more or less under trial for nearly seven 
years, and in a few places, both in South 
Wales and in the North of England, have 
been (one or other) brought into successful 
use; the power employed being compressed 
air, supplied by a fixed engine above or un- 
derground, and the air led along by pipes to 





the faces of the headings, or to the wall 
faces in work. 

What may be done by compressed air as 
a motive power we need not enlarge upon ; 
it has been abundantly shown at the great 
Mont Cenis tunnel, of which we have given 
several notices in this journal. Now, be- 
sides the advantages effectuated by this class 
of.machines (we have no intention of going 
into any critique as to their relative merits), 
of relieving the coal hewer of the very heavi- 
est part of his labor, viz,, the ‘‘ under-cut- 
ting ’’ of the coal, and the owner of by far 
the greater portion of the coal wasted and 
destroyed by being reduced to powder by 
the under-cutting by hand, and limiting the 
“hewer’s’’ task to the cross cutting of the 
blocks and “ getting down,”’ by whatever 
means, the masses of detached coal; there 
are these further advantages—that the ‘‘un- 
der-cutting’’ can be effected much more 
deeply in, from the “face,” than is readily 
practicable with hand labor, and that when 
indispensable the coal bed may be “ over- 
cut,”’ or freed from the roof, if need be, in 
the same manner—a thing nearly impossible 
with mere hand labor. It is, however, a 
very rare case indeed that any moderately 
heavy seam of “ fat” or flaming coal, or any 
other but of the hardest anthracite, needs 
any over-cutting, and that, no matter at 
what inclination or dip of bed. It almost 
always oceurs that if the coal be effectually 
under-cut, the mass, thus for several yards 
in length perhaps, and for a depth in, from 
the face, of from three to six feet, hanging 
in air free from its support below, only needs 
to be cross-eut or “ holed,” when it breaks 
off at the rear and from whatever slight at- 
tachment it may have had to the roof, and 
drops by its own weight, and then all that 
remains is to hew or part it into suitable- 
sized blocks, so as to load it into the ‘ cor- 
ves,’ and bring it to bank. This part of 
the work is done, partly by the blows of the 
pick, partly by the ‘‘hewer’s bar,” and in 


| harder coal by driving in iron wedges. 


Recently there have been some who have 
thought that wedging might be much more 
extensively used in coal mining; and that, 
in fact, by the application of a much more 
powerful form of machine-driven wedges, 
coal might be detached bodily from its bed 
without the use of blasting, without the use 
of coal-hewing machinery, or hewing in any 
form either for under-cutting or holing ; and 
that, in fact, this one new class of tool, 
either the power-driven wedge, or, as its 
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equivalent, the expansion of plungers by 
hydrodynamic pressure, should become al- 
most the sole and sufficient resource of the 
collier. This is what we propose to submit 
here to some slight examination in the dis- 
passionate light of the actualities of the 
problem sought to be solved. 

Five mechanical arrangements for coal- 
splitting were recently brought before .the 
Institution of Civil Engineers, three of them 
being principal, and the others only inciden- 
tal to the discussion upon the original paper 
by Mr. 8S. P. Bidder, A.I. C E., “On Ma- 
chines employed in Working and Breaking 
down Coal.” 

The machine of Mr. Bidder was described 
as consisting of a small hydraulic press of 
twelve tons power, to which was attached a 
pair of tension bars, bent in the form of a 
connecting-rod or hinge-strap. These were 
placed ene over the other in the bore-hole, 
and between them, at the extreme end, there 
was a clearance box and two metal pressing 
blocks, between which was forced, by the ac- 
tion of the hydraulic press, a split wedge 
fifteen inches long, causing a lateral expan- 
sion of three inches. 
withdrawn, and a second wedge was inserted 


between the two parts of the first wedge, and 
was forced up until sufficient expansion was 


obtained to break the coal. The operation 
could be repeated several times if found ne- 
cessary. The whole apparatus would weigh 
about fifty pounds. The hydraulic press 
was in future to be made of steel, and the 
ram would be cored out. In practical work- 
ing each gang of colliers would be provided 
with the tension bars and three wedges, 
while the presses would be under the charge 
of the men who at present occupied the po- 
sition of firemen, so that no new class of 
labor would be introduced. Trials had been 
made both in the seven feet and the nine feet 
seams at Harecastle ; and in the latter, with 
three wedges, about twelve tons of coal had 
been brought down in only three or four 
pieces. It was found that the press could 
be applied, and the blocks brought down, in 
less time than was consumed by firing and 
waiting for the smoke clearing. 

The second described machine was by Mr. 
C. J. Chubb. He thought some more sim- 
ple and practicable means of getting coal by 
mechanical power could be devised than the 
costly, but skilfully contrived, coal-cutting 
machines. His first idea was to apply 
wedges, acted upon by hydraulic force, but 
he was. induced to abandon that system, 


The ram was then| 





owing to objections to the use of wedges, 
and to adopt instead an apparatus consisting 
of twelve plungers, set side by side in a 
steel bar, which plungers, when acted upon 
by water from a hydraulic pump, would se- 
parate the bar in which they were set from 
another bar, formed in the shape of a cover 
upon the plungers. The pressing apparatus 
was 25 inches long, and it was attached to 
a hydraulic pump by a tube two feet in 
length, so that it might be inserted into the 
coal to a depth of about 3 ft.6 in. The ap- 
paratus, with the cover on, was 43 in. in 
diameter. When, by the action of the 
pump, the plungers had reached their limit 
of 2} in., and further expansion was needed, 
the plungers were readily brought back to 
their first position, by opening an escape 
cock for the water back into the partially 
vacuous close vessel out of which it had 
been pumped, when a liner could be inserted 
between the plunger and the cover ; and this 
process could of course be repeated. In 
practice, however, it was found that the first 
expansion of 2} in. was more than sufficient. 
It was stated that the collective area of the 
plungers was 24 square inches, and as the 
pump could exert a pressure of twelve tons 
on the square inch, a total pressure of 288 
tons could be brought to bear on the coal. 
This apparatus had been tried in the South 
Wales district, where the coal was of the 
most varied description. It was observed 
that, by the present system of blasting, it 
occupied on an average two men ten hours 
to break down and fill into trams four to five 
tons of coal, of which twenty per cent was 
‘¢small,”’ and the remainder much shattered. 
On the other hand, with this apparatus two 
men could readily break down twenty tons 
in an hour, which could be filled, when 
loosened, at the rate of ten tons per man 
per day, the whole of the coal so obtained 
consisting of large solid pieces. Again, by 
the present system, in order to break down 
500 tons of coal a day, from a “ four-foot ” 
seam, a “face ’’ of 600 yards was required, 
whether as “pillar and stall,” or as ‘long 
work ;” whereas with this apparatus the 
same quantity could be worked from 300 
yards of ‘‘face.”” In this way there would 
be less space requiring to be ventilated, the 
working operations could be concentrated, 
and facilities would be afforded for effecting 
economy in other respects. We may re- 
mark, in passing, that but very little stress 
can be laid upon these statistics. The 
amount of coal got per man per shift, or day, 
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can scarcely be thus crudely stated with any 
certainty at all, and must vary enormously 
with circumstances ; and while it seems here 
underrated, we must say the possible per- 
formance of the hydraulic coal-splitter seems 
both to want confirmation by actual trial, 
and in the absence of that to appear over- 
rated. 

The third contrivance was that of Mr. 
Grafton Jones, of Blaina Iron Works, New- 
port, Monmouth, and is also a hydraulic 


in every one of these contrivances, as ma- 
chines ever likely to be brought into prac- 
tical use in coal mining; and we apprehend 
that every coal viewer or mining engineer, 
who possesses some actual experience in coal 
working, must come to the same conclusion. 
The proposition, in fact, common to all three 
contrivances is really this, that by means of 
large holes, four to six inches diameter, of a 
few feet in depth, bored somehow into the 
coal, in directions more or less parallel with 


the plane of the seam, and more or less dia- 
gonal to the working face, and by the inser- 
tion and use therein of these hydraulic 
driven wedges or plungers, it is practicable 
two opposite sides, like the suckers upon the | (in the working sense of that word), without 
tentacles of a cuttle-fish, which, being in-|any previous other work or preparation, to 
serted into a 4 in. diameter, or thereabouts, | drive out the coal bodily, while still gripped 
jumper or auger hole, the plungers, by | firmly between its seat and the roof, and 
pumping in water, are forced out in opposite | cause it to separate and fall in dislocated 
directions, and in direct contact with the | masses. 

coal. Mr. Chubb’s is essentially the same | We shall not deny the possibility of doing 


coal-splitter, differing from the former main- 
ly in this—that Mr. Chubb’s consists of a 
central tubular stem, carrying a long row of 
short plunger plugs along the length of its 





in principle ; but one range of plungers is|this in some seams and in some cases, with 
suppressed, and the remaining range of | nearly level beds of great thickness, and of 
these, in place of being forced out directly | just the best quality of coal for its suecess- 
against the coal, is forced out against a sort | ful application; but we do entirely disbe- 
of hollow, trough-shaped cast iron “liner,” | lieve the practicability of so working the 
the interior of which fits the faces of the | vast majority of coal seams in this or in any 
plungers, while the exterior fits the inside of | other country. 


Coal, whether thick or thin, 
the auger hole in the coal. | deposited in water-saturated strata, to whose 

In the course of discussion it was inciden- | cavities, rugosities, and bendings it has been 
tally mentioned that Mr. Joseph Bramah, | moulded beneath enormous pressure for ages 
the inventor of the hydraulic press, had pro-| in action, is everywhere obstinately gripped 
posed its use for coal-splitting ; the form) between roof and seat. When the seam is 
which he suggested having been simply that | enormously thick, and most suitable in re- 
of an extremely strong bag of reduplicated | spect to hardness and softness and splitabil- 
leather, made waterproof. This in its flac-|ity (if we may coin such a word), it is 
cid state was inserted into the flat-shaped barely possible that more or less of the coal 
hole prepared for it in the coal, and water might be thus forced out of its place, leav- 
was then forced in until the distension of the | ing, however, almost certainly in every case, 
bag caused the fracture of the coal in the/ more or less of it adherent to the roof and 
direction of least resistance. The two other | to the floor. But if the seam be but mode- 
splitting methods brought before the insti-| rately thick (say four feet or under), if the 
tution we need but briefly allude to, as one | coal be soft and friable, or if it be very hard 
of these merely placed on record an old de-/ and difficult to fracture; if the roof or the 
vice of one of the members for splitting rock | floor, or both, be of hard material ; if either, 
or coal, ete., by means of a conical screw of or both, be uneven, and pitted at the ** coal 
steel, screwed into a split cylindrical parting” with them—or if the coal join on 
wrought iron nut of considerable length, | direct to the floor or roof, or both, without 
inserted into the bore hole; while the other any thin parting seam of vegetable charcoal, 
was but a suggestion for diminishing the) shale, or other very fissile material—then we 


mechanical disadvantage of the oblique ac- 
tion of Mr. Bidder’s wedges, by means 
which the talented suggester himself would 
probably, on more mature consideration, 
abandon. 

Now, we must make bold to say that we 
entertain the most entire want of confidence 


feel pretty certain that such attempt to drag 
or push the coal out of its place, as it were 
by the neck, must end in complete discom- 
fiture, so far as rapid and economical work- 
ing are concerned, assuming that the physi- 
cal possibility be conceded. 





It comes, then, to this, that if we are to 
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split coal out in large blocks, with small 
waste by dust and powdered coal and slacks, 
we must free it first either above or below. 
We can then split it out, no doubt, but cuz 
bono ? what will be the use of wedging from 
behind to split out masses of coal which, 
when once properly undermined, will rapidly 
fall by their own weight, and then detached 
from roof, floor, and “ heading” or ‘ wall,” 
leave nothing to be done but to break them 
up smaller, and to sizes to be loaded on to 
the ‘‘ corves,’’ all which must be done, as at 
present, by hands in any case? This is the 
case with all moderately thick coal beds, 
even though they be perfectly flat and level. 
It is much more the case with highly in- 
clined beds, like those of Belgium and West- 
phalia, which are worked on the long wall 
system from the under side, and along “ the 
strike ’’ of the beds, and from which the 
blocks of coal, once under or over cut, fall 
of their own accord, often but too readily 
and suddenly. 

But at this time of day there is probably 
not an intelligent and well-informed coal 
viewer in Great Britain (and few of these 
gentlemen are not both one and the other) 
but is prepared to admit that under-cutting 


by coal-hewing machinery of one sort or 
other is already an accomplished fact, and 
that time, and not a long time, alone is 
needed for the wide-spread introduction, as 
a matter of necessity, of coal-cutting ma- 


chinery in all our great collieries. Well, 
then, we have the coal cheaply, economically 
as regards the waste coal, rapidly, and deep- 
ly under-cut; we cannot get rid of the coal 
hewer, he must be there to direct: and to 
fashion to a portable shape the huge blocks 
got out; he is on the spot, therefore, to hole 
or cross-cut the huge blocks as these drop 
from the roof, and by their own weight part 
off from the face of coal behind; of what 
use, then, are the hydraulic wedges, or hy- 
draulic plungers at all? They appear, un- 
der such conditions where alone they can be 
applicable, as simple surplusage, for no sane 
man, we presume, will imagine the physical 
possibility of forcing out thin-seam coal 
while still gripped both by roof and seat. 
Thus much for splitting in general, and 


without reference to the mode of attempting | 
Granted the necessity and the utility of| is that of the crushing coefficient of the coal. 


it. 
the plan of working, we are very far from 
being satisfied that any one of the actual 
arrangements proposed even approaches the 
best possible, or even a workable form at 
all, for the purpose. We shall not go into 


details, but merely ask our professional coal 
viewing readers to ponder, in a practical 
mood, upon the facilities, or the contrary, 
for working straight and cylindrical holes of 
four to six inches diameter into various sorts 
and thicknesses of coal, and under the vari- 
ous and often complicated conditions in 
which the workings are circumstanced. 

We ask whether these hydraulic wedges 
or presses, said to be 50 lb. weight each, but 
actually much nearer probably, if ever 
brought into a workable form, to 150 lb. 
weight each, and which must be carried 
about and manually handled, will prove con- 
venient? Whether in friable and compres- 
sible coal much more of the power expended 
will not be absorbed in crushing the coal 
close by to powder, than in splitting off that 
more remote? and whether, in any one of 
the arrangements, but most of all in Mr. 
Bidder’s wedges, a prodigious proportion of 
the power expended be not necessarily al- 
ways wasted? and if power be wasted in 
any machine, time is wasted, and money is 
wasted. 

If a choice is to be made between hydrau- 
lie driven wedges and hydraulic driven 
plungers, between the power of the hydrau- 
lic cylinder, which may be at once brought 
up to any pressure we like per square inch, 
applied direct to the coal, or to that awk- 
wardly exalted by the interposition of 
wedges—we are compelled to give our voice 
in favor of the simple and direct application 
of the hydraulic plunger. All wedges 
driven by pressure act at enormous mechan- 
ical disadvantage as wedges; work is use- 
lessly absorbed in friction, and the loss so 
produced is greater as the angle of the wedge 
jis less. The very essence, it may be said, 
|of the wedge as an efficient mechanical en- 
| gine depends upon its being driven, not by 
| pressure, but by blows. At each blow the 
|friction of rest, constantly encountered by 
the wedge driven by pressure, is by the sud- 
den jar converted into the friction of motion, 
| the coefficient of which for the same surfaces 
|and pressures is usually not much more than 
one-half of the former. 

With the hydraulic cylinder applied di- 
rect, the real limit to the intensity of the 
pressure per square inch of pressing surface 





That makes the limit really a low one, and 
hence we will hazard the conjecture that 
were these coal-splitting contrivances likely 
to be called into actual use and practice, it 
would probably be found that perhaps the 
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very best form in which hydraulic pressure | 
could be applied at all, might prove to be in 
that of a modification of Joseph Bramah’s 
original leathern water-bag. We have, now- 
a-days, materials and methods at hand for 
the construction of flexible, or partially flex- 
ible bags, into which water could be forced 
to all the pressure the coal would safely bear 
without crushing, such as were unknown in 
his day, and the structural problem presents 
few ditticulties to the mechanical engineer. 
Upon the whole, and in conclusion, however, 
we continue to believe that it is the perfec- 
tionizing of coal-cutting machinery, and not 
to coal-splitting instruments, even though 
far better designed than any that we have 
been noticing, that we ought to look for at- 
taining the unquestionably most important 
ends of saving risk by limiting the use of 
explosives, cheapening our coal-getting, and 
economizing our coal itself. 


No. 48), he discovered that under the most 
different circumstances, and with the most 
different pig irons, the Bessemer flame, when 
analyzed with the spectroscope shows, be- 
sides some varying and accidental lines pro- 
duced by accessory constituents of the pig 
iron, a constant spectrum, consisting princi- 
pally of several groups of black, green and 
blue lines. These lines are not to be seen at 
the very beginning of the process, they be- 
come visible in the second period only, when 
the temperature is more elevated and when 
the carbon begins to burn in a more lively 
manner. They remain visible and bright 
until, in the third period, they disappear 
one by one, simultaneously with the diminu- 
tion of temperature caused by the lack of 
carbon in the metal. Professor Lielegg at- 
tributed this spectrum to the carbonic oxide 
gas, and designated the single lines, accord- 


ingly as C Oa, C O B, C Oy, ete. He also 





THE SPECTROSCOPE IN THE BESSEMER 
PROCESS. 
Compiled from ‘‘ Oestr. Zeitschrift,”’ and adopted by 
Dr. Adolph Schmidt. 
A number of years ago, when the Besse- 


found that the observation of the gradual 
| disappearance of these lines has a practical 
value, because not only the moment of near- 
ly complete decarburization (what is called 
‘“*the change’’ by practical Bessemer men) 
can be determined more accurately, but also 
because different kinds of products may be 





mer process first began to regularly produce 
materials valuable for trade and practical | 
use, the difficulty of operating the process in 
such a manner as to obtain by it a metal of | 
certain qualities as desired, was at once re- | 
cognized. Besides other means conceived to | 
obviate this difficulty, the use of the spec-| 
troscope also was then proposed and tried. 
It was expected that the changes in the ap- 
pearance of the Bessemer flame, which take 
place towards the end of the process, and 
which are evidently due to chemical changes 
in the constitution of the metal, could be 
observed more accurately with the help of 
the spectroscope, and would thus make it 
possible to interrupt the process at the pre-| 
cise moment when the required degree of 
decarburization of the metal is obtained. | 
It appears, however, that the results of these | 
experiments were not satisfactory, from the | 
facts that no detailed account of them has | 


been published, and that the use of the | 





spectroscope was not continued afterwards. | 
About two years ago Professor Lielegg, of | 
Gratz (Styria), took up this matter once 
more. By a series of experiments made by 
him at the Gratz Bessemer Steel Works, 
and published in 1867 in the reports of the 
Austrian Imperial Academy of Science (see 


obtained by making the interruption of the 


| process dependent on the disappearance of 
the one or the other of the said lines of the 


spectrum. Thus the spectroscope came into 
regular use at the Gratz Bessemer Works. 
The results obtained at Neuberg (Styria) 
were, however, widely different from the 
above. The Neuberg works convert almost 
exclusively their own pig iron, which contains 
a considerable amount of manganese (three 
and a half per cent). This iron, in being 
converted by the Bessemer process, develops 
towards the end of the charge an opaque 
flame full of white smoke. This smoke is 
the thicker and the less transparent, the 
hotter and better the charge. By inserting 
a wrought iron pipe terminating in a receiver 
into the mouth of the converter towards the 
end of a charge, Professor Kupelwieser sue- 
ceeded in obtaining a certain quantity of the 
solid matter which constituted this smoke. 
Mr. Schiffel, who analyzed it, found it com- 
posed of— 

Si O; (Silicie acid) 

Mn O (Protoxide of manganese). . 

Fe O (Protoxide of iron) .. 


“ Dingler’s Polyt. Journal,” vol. 16, 1867,| This smoke, which seems to be principally 
or “ Berg. u. hm. Ztg.,” 1867, No. 12 and| due to the presence of a considerable quan- 
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tity of manganese volatilized at a very high 
temperature, as silicate or as protoxide, cov- 
ers the Bessemer flame in hot and good 
charges to such a degree that the observa- 
tion of the ‘change ’’ becomes often extreme- 
ly difficult, and it is proved by numerous 
experiments that, in this case, the spectro- 
scope is of no use whatever, because the Bes- 
semer spectrum then disappears compietely. 
It has, besides, been noticed, that even in 
less hot and less smoky charges the spectrum 
is only visible intermittently, and often dis- 
appears before the iron is near the point of 
complete decarburization. In such a case 
spectroscopic observation is not only useless, 
but can lead into errors and mistakes. 
However the spectroscope is still in regu- 
lar use at Gratz, and Ternitz, in Austria, at 
Maximilianshiitte, in Bavaria, at Marien- 
hiitte, in Saxony, and some other German 
Bessemer works which do not convert man- 
ganesic pig irons. But few, if any, of these 
works make their operations exclusively de- 
pendent on the spectral indications. It has 


been mentioned above that Professor Lielegg 
considers the Bessemer spectrum as identi- 
cal with the spectrum of carbonic oxide. 
Professor Kupelweiser has expressed the 


same opinion. But Mr. Brunner, an Aus- 
trian metallurgist, has shown in No. 29 of 
the *‘ Oestr. Zeitschr.,’’ 1868, that this view 
is incorrect. According to Lielegg’s own 
investigations, carbonic oxide gas when burnt 
with oxygen produces, under all circum- 
stances, a continuous spectrum without any 
light or dark lines. Lielegg attempts to 
explain the different appearance of the Bes- 
semer spectrum by the higher temperature. 
It is, however, not probable that the tem- 
perature of the Bessemer flame should be 
higher than that of a flame of carbonic oxide 
mixed with oxygen in Daniells’ cock. Be- 
sides some of the characteristic lines of the 
Bessemer spectrum have been observed in 
the flame which is produced by the heating 
of the converter previous to the charge, when 
evidently a temperature as high as the one 
mentioned does not exist. Brunner has also 
discovered, that no part of the Bessemer 
spectrum is ever visible in the flame when 
the converter is heated for the first time 
after being relined, but that when the lining 
is not new the group of lines called C Oy by 
Lielegg appear in the green part of the spec- 
trum, which then contains also the lines of 
potassium, sodium and lithium. Mr. Brun- 
ner concludes, from these facts, that this 
spectrum is not to be identified with that of 





carbonic oxide, but must be produced by 
other constituents of the pig iron. In further 
considering that it would be very strange if 
iron and manganese would not produce a 
spectrum at so high a temperature, he thinks 
it probable that the Bessemer spectrum is prin- 
cipally produced by these elements. In fact 
several of Lielegg’s pretended C O lines co- 
incide with the black iron lines as defined by 
Prof.Kirchoff, of Heidelberg, who is one of 
the inventors of the spectrum analysis. Also 
Lielegg’s line C On, which is violet blue, 
and situated so near the potassium line K (3 
that both lines almost appear like one broad 
band, corresponds to the violet blue line, 
Mn,, in the spectrum of manganese. Brun- 
ner besides suggests that Lielegg’s group of 
lines, C O B and C Qj, might be identical 
with the yellowish and green manganese 
lines, Mn,, Mn,, Mn, and Mn,. 

This suggestion has been fully verified by 
more recent investigations made at Neuberg, 
in December, 1868. As these investigations 
have been made in a peculiar manner, spe- 
cially adapted to compare two different spec- 
tra with the greatest accuracy, thus to ascer- 
tain some supposed total or partial identity, 
we here reproduce a short description of 
them, as published by Mr. A. v. Lichten- 
fels, in ‘*Oestr. Zeitschr.,’”? 1869, No. 2. 
The instrument used for the purpose is a 
pocket spectroscope of the manufacture of 
M. Hoffman in Paris. It consists of a tube 
six inches long and three-qnarters of an inch 
in diameter, containing two prisms of flint 
glass, three prisms of crown glass and one 
lens. The latter is placed near one end of 
the tube, opposite the slit through which the 
rays of light enter. Its object is to make 
the rays parallel. A small telescope with 
four lenses is attached to the other end of 
this tube by means of a joint, by a slight 
motion of which any desired simple ray can 
be directed to the center of the field of 
view. A small glass prism, about five-six- 
teenths of an inch long, can at option be at- 
tached to the outside of the instrument, in 
front of the slit, covering only one-half of 
the latter, so as to allow of the simultaneous 
observation of two sources of light. 

The light of the Bessemer flame passes 
through this glass prism by reflection into a 
part of the slit, through the other part of 
which enter the rays of another well known 
source of light, prepared for comparison. 
Thus the spectra of both sources of light ap- 
pear side by side in the field of view of the 
telescope, and if an elementary body is 
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equally present in both flames, the charac- 
teristic lines of that body must correspond 
exactly in both spectra, because the rays 
from both lights enter through the same slit 
and are refracted by the same prisms. This 
is the most reliable method of analysis by the 
spectroscope. The bodies destined for com- 
parison are dissolved in alcohol, and the so- 
jution is poured with a spoon on a small dish 
of platinum, heated to a white heat, where it 
rapidly evaporates. It is very important to 
produce a flame as hot and bright as possible ; 
for it would be difficult to see a weak spec- 
trum at the side of another one as bright as 
that of the Bessemer flame. 

To make a comparative experiment with 
the described instrument, at first the exterior 
glass prism has to be fixed to its place ; after 
this the whole apparatus is set in such a po- 
sition that the spectrum of the Bessemer 
flame can be seen through the tube; after- 
wards the platinum dish is placed in front of 
the object-glass and heated by a lamp, and 
finally the testing fluid is poured on the dish. 
Burning alcohol produces no other but the 
sodium line. The spectra of calcium (here 
chloride of calcium) and of copper (here ni- 
trate of copper) were compared, but did not 
coincide with the Bessemer spectrum. But 


the spectrum of manganese (here chloride of 


manganese) corresponded perfectly. This 
spectrum, according to Simmler, consists of 
four broad green bands and one violet blue 
line situated quite near the potassium line of 
the same color. These green bands appear 
in the Bessemer spectrum as groups of green 
lines in an exactly corresponding position. 
Two of these groups of lines are very dis- 
tinct; the two others which are situated 
nearer the blue field, are less bright. The 
optic power of the instrument was not suff- 
cient to show the violet blue line distinctly 
in either of the two compared spectra. How- 
ever the main part of the question is solved 
by these experiments, and it is proved that 
the Bessemer spectrum, in its principal and 
characteristic features, is not the spectrum 
of carbonic oxide, but that of manganese. 
As “the change’’ in the Bessemer process 
(that is the exterior signs which indicate the 
almost complete removal of the carbon from 
the metal) could only be made dependent on 
a spectrum produced by carbon or its com- 
pounds, the use of the spectroscope in this 
process has, in fact, no general and scientific 





foundation, but is based, wherever it is used | 
with success, on the happy coincidence that | 
the greater part of the manganese is removed | 


from certain kinds of pig iron, when subject- 
ed to the pneumatic process, at about the 
same time as the main part of the carbon. 


THE COMPOSITION OF CEMENTS. 


From ** The Building News.” 


The value of all cements must of neces- 
sity depend upon their composition. There 
are two distinct kinds of cement, with three 
distinct names—the calcareous, the hydrau- 
lic, and the plastic. The calcareous is 
everywhere known by the name of mortar, 
or that mixture of lime and sand commonly 
used for building. The hydraulic cements 
are those which will set under water, and 
the plastic cements are such as are applica- 
ble to plastering and stuccoing. Of lime 
there are many varieties, each of different 
merits. Vicat classified them as—l, rich 
limes ; 2, poor limes; 3, limes slightly hy- 
draulic ; 4, hydraulic limes; 5, highly hy- 
draulic limes. As there are different quali- 
ties of limes, so, of course, there must be of 
limestones. It has long been held, and uni- 
versally proved, that the harder the ingre- 
dient the better the quality of the lime; that 
the best materials are those that dissolve 
the quickest, heat the most in slaking, and 
fall into the finest powder. It should be 
remembered, however, that each variety 
yields a lime of different quality—different 
in color, in its power of absorbing water, 
and varying in weight and in hardness. The 
rich limes are the purest oxides of calcium ; 
they increase to double their bulk in the 
process of slaking, which is not the case 
with poor limes. Limestones containing 
from one to six per cent of foreign sub- 
stances, such as silica, alumina, magnesia 
iron, ete., yield rich limes. The limestones 
may differ in appearance and in texture, yet 
if well calcined the lime will be the same. 
Soft chalk, hard ragstone, or marble, yield 
equally good lime, since the calcium they 
contain is the same mineral. Chalk, how- 
ever, generally contains water irregularly 
distributed, and, not exhibiting the same 
change that marble or stone does, it is fre- 
quently unequally burned, and therefore 
slakes imperfectly. Dr. Higgins states that 
lime made from chalk absorbs the carbonic 
acid more rapidly than that made from 
stone, but the experience of others (the late 
Mr. Arthur Ashpitel notably) has not favor- 
ed this conclusion. The mode of burning 
varies, but the general result is the same. 
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The resulting quicklime is lighter than the | 
original stone, and differs essentially from it. | 
Poor limes are obtained from limestones | 


which contain silica, magnesia, manganese, | 
or metallic oxides. These foreign sub-| 
stances are present to the extent of from | 
15 to 30 per cent. They do not slake free- | 
ly, and they are more liable to vitrify in 
burning. Oysters or cockle shells are 
found to vitrify more easily than limestone 
or chalk when suddenly heated, which is at- 
tributed to their saline matter, for when 
they have been long exposed to the weather 
they do not so easily vitrify. In proportion 
as limestone contains gypseous or argillace- 
ous particles does it vitrify. Limestones 
containing much silica swell in setting, and 
may dislocate the masonry executed with 
them. If alumina be in excess the lime is 
apt to shrink and crack. If carbonate of 
magnesia be combined with carbonate of 
lime, as is the case in magnesian limestones, 
the original bulk is retained. 

The mixture of hard, sharp particles—the 
harder and sharper the better—is necessary 
for various reasons. It facilitates the set- 
ting of the mortar, it renders it much harder 
and much more adhesive, and saves expense. 


Three kinds of sand are used in building 
purposes, but only two are employed for 


cements. River sand and pit sand only | 


the setting of the limes with which they are 
used. Puzzuolana—so called because ori- 
ginally found in the vicinity of Puzzuoli, 
near Naples—is a volcanic material. The 
following analyses of this material were 
given by Professor Ansted in his Cantor 
Lectures at the Society of Arts in 1865, 
We observe that they vary a trifle from the 
analyses given by the French writers : 
Puzzuolano. _—‘Trass. 
57.0 
12.0 


rt pe 


ORO OO Oe 


Alumina 

Se; sendbadennecees 
Magnesia 

Iron oxide 


HOoORSHNSON 


Water 9.6 
The French writers consider that the mix- 
ture of common lime with these materials 
should be one of pounded lime to two and a 
half of puzzuolano, or to two of trass (or 
terrass), or one of lime to one of sand and 
one of puzzuolano. The matter, however, 
is largely one of economical calculation. 

A good test of the purity of sand, and a 
most important one, is the homely practice 
of rubbing it between the hands If it be 
fit for use as mortar it will not soil the 
hands, and will be free from odor. Dr. 
Higgins, whose experiments on sands have 
made him an authority on the subject, has 


should be admitted into the composition of| pointed out that mortar made with sand 


mortar, and the former is preferable, as it is 
free from clay. Pit sand should be well 
washed. Crushed quartz or flint, from its 
sharpness, has been considered to be the 
best material. Many builders use road- 
drifts, and have found it to be a fair substi- 
tute for sand, and withal economical. The 
Romans used burnt clay, in the form of 
pounded brick, very extensively; and the 
present method is to throw up clay mixed in 
any fuel in loose heaps and burn it slowly. 
Burnt clay was, indeed, largely used and 
advocated in France. Used as hydraulic 
mortars in large public works, it was found 
that the action of sea-water soon made them 
crumble to powder; and it was only in iresh 
water that the mortar stood well. Slag 
from furnaces and the scorie from the iron- 
works have also been used for sand; the 
latter not so frequently, on account of the 
iron found in it. Coal cinders have been 
used, but not with much success, and wood 
cinders, which, however, are found to be too 
alkaline for the purpose. These materials 
have a considerable effect in hastening the 





absorption of the moisture and facilitating 


whose grains were about equal in size and 
globular, could not be so strong at any 
period of induration as that which is ‘ mix- 
ed with as much fine sand as can easily be 
received into its interstices, in order that 
the lime may cement the grains by the 
greater number and extent of their con- 
tiguous surfaces.” He also states that the 
sand that passes through a sieve in washing 
is finer than that which may be sifted 
through the same sieve when dry. Sand is 
never non-absorbent and imperishable, and 
therefore it is needful it should be pure 
when used for building purposes. The 
medizval builders knew this, and hence the 
fine characters of their masonry. 

The results of experiments made by Dr. 
Higgins, and detailed at some length in his 
work—now, we believe, out of print—are of 
considerable importance. Very briefly sum- 
marised, they may be thus stated: The in- 
tersticial spaces in sand are greatly lessened 
by wetting it; therefore he determined in 
using it for mortar to wet the sand com- 
pletely. It was thus, too, that the air was 
easily expelled, and the lime equally dif- 
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fused itself in the spaces by a little heating; 
_ but when, as he says, the water is added to 
a mixture of lime, powder, and sand, the 
air is entangled in the lime paste, and can- 
not, without a great deal of heating, be to- 
tally pressed out of the plastic mass. As 
an excess of water is injurious to mortar, 
this was found to be an excellent way to 
regulate the quantity used, “‘ for the portion 
of lime water which fills the spaces in sand, 
and can be held by capillary attraction in a 
flat heap of it, is precisely the quantity 
which makes well-tempered mortar with one 
part of the best slaked lime and seven of 
the best sand.”’ Other investigations show- 
ed that there were two kinds of grains, 
which Dr. Higgins denominated “sharp ”’ 
sand and “round” sand. The conclusion 
of all his experiments goes to show that the 
quantity of lime which forms a mass some- 
what plastic with sand and water, is the 
smallest quantity necessary for making the 
best mortar from such sand. Any further 
quantity of lime would be useless in the 
coarser sands and injurious in the finer. 
The necessary plasticity is induced by the 
smaller quantities of lime. The grains of 
fine sand are, he says, held asunder by the 


lime paste to a greater distance than they 
are by water, and ‘the reason why the finer 
sand requires more lime than the coarser and 
mixed sand is, that the spaces, which are 


more numerous in fine sand than in the 
coarse, are more augmented in the whole 
quantity of them by the particles of lime 
which intercede alike the coarse and fine 
grains.” 

We have already said that river sand, or 
* silt,” is the best of all the kinds of sands 
used for building purposes. Pit sand is too 
fine, and not so sharp and gritty. Coarse 
and fine sands, then, should be mixed in or- 
der to obtain a good cement, since the finer 
grains fill the interstices of the larger, and 
so tend to consolidate the whole mass. The 
two ingredients should not be mixed before 
slaking, but the bulk of the water should be 
applied to the sand before it is mixed with 
the lime, Dr. Higgins’ experiments teach- 
ing us that in this way the air is more easily 
expelled from the mass, and the mortar, 
therefore, is of a more endurable nature. 
This being so, the common practice of 
“‘duffing builders” in running up new 
houses to use sands without first washing 
them, indeed to use any kind of rubbish— 
sand mixed with organic matter—is dis- 
creditable. Surely, when the materials 


|‘*found on the spot” are used, it is only 
/common honesty to regard their quality, and 
|to remove from them the deleterious matter 
| with which they are charged. 

It is important that all water used in 
making cements should, at least, be fresh. 
| In any case it should not. be polluted, stag- 
|nant water. All vegetable and organic 
matter should be as much excluded from the 
water as from the sand into which it is 
thrown. Ordinary water contains some 
acidulous gas, and therefore it has been re- 
commended that no water should be used 
until the gas had been freed from it. After 
making several experiments, it was found 
by Dr. Higgins that lime water is far pre- 
ferable to any other. On comparing speci- 
mens of mortar made with the best lime 
slaked with river water, and sand and water, 
and spread on tiles soaked in water, with 
other specimens made with the same propor- 
tions of lime, but slaked with lime water, 
and sand and lime water, and spread on 
tiles previously soaked in lime water, the 
latter at every stage of them were sensibly 
harder, and they adhered to the tiles better 
than the former. He adds that he had good 
reason to be persuaded that the extraordin- 
ary induration would proceed in time 
through the whole mass. Of course, it is 
not difficult to adopt this plan, since lime 
water is readily made by dissolving lime in 
large casks or tanks. 

We have thus considered the main prin- 
ciples which affect the three ingredients of 
mortar—the lime, which is the cementitious 
medium, the sand, which is the matter to be 
combined, and the water, which is the com- 
bining element or agent. We have now to 
look—space compelling us to do it with the 
utmost brevity—at what preachers would 
call a few matters of application. The mor- 
tar must be durable; free, by its very com- 
pactness, from damps and atmospheric in- 
fluences, and thus those much dreaded ene- 
mies, expansion and contraction, avoided. 

These results are alone attainable by at- 
tending to the judicious combination of the 
various ingredients. Given pure materials, 
the best combination is proved to be one 
part of lime to five, six, or seven parts of 
sand, the latter varying, of course, with its 
nature. Pit sand requires more lime than 
sharp river sand or clear road drift. Coarse 
sand requires less lime than fine sand. Mor- 
tars made with common fresh lime, or with 
well burnt lime, but containing only one 
ounce (say) of lime in six or more of sand, 
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have been found by some experimenters to 
be the best. An excess of lime may dispose 
the mortar to crack. According to Dr. 
Higgins, the highest proportion of lime to 
coarse Thames sand which may be used with 
safety depends on the circumstances in 
which the mortar is to be exposed. ‘ No 
more than one part of lime to seven of 
coarse sand ought to be used in mortar 
which is to dry quickly, and less lime may 
not be used because it does not render the 
mass sufficiently plastic for building and in- 
crustation.”” At the same time, if a larger 
proportion of lime be used, it should be only 
when the mortar cannot dry so quickly as 
when exposed to the sun. But hasty drying, 
it has been proved, frequently injures mortar. 
Then, again, if the lime be carelessly or im- 
perfectly manufactured, the mortar cannot 
be other than imperfect. The lime should 
be screened about half an hour after the 
workmen have thrown the water upon it. 
When they slake lime mixed with sand or 
gravel in great heaps, without screening it— 
which is more frequently done than not— 
the mortar is not likely to be very good. 
Lime very quickly imbibes the acidulous 
gas which has been expelled after burning if 
it be exposed to the air. Indeed, it cannot 
long preserve its virtues without confinement 
in air-tight vessels. Experiments have de- 
monstrated that lime undergoes changes 
quickly ; indeed, well burned chalk lime, 
kept in a dry room, will imbibe about a 
pound of acidulous gas in three weeks in the 
summer months, so that the longer it is 
kept, the worse it becomes. Workmen are 
apt to think it is sufficient to keep the lime 
dry, and store it in ricketty barrels. This 
is not the case. Lime may be greatly im- 
poverished witout slaking sensibly. ‘ The 
superficial parts of any parcel of lime. 
which fall into fragments or powder without 
being wetted, and merely by exposure to 
air, are quite unfit four mortar, since this 
does not happen until they have imbibed a 
great deal of acidulous gas.’’ To prevent 
common cements being bad or imperfect, 
the lime should not be exposed a great while 
before it is converted into mortar. If this 
be not done, the lime will be reduced into a 
perishalle kind of whiting; indeed, bad 
lime, bad mortar. Imperfectly burned and 
unprotected lime will only give a builder a 
poor article, and we are writing, of course, 
for those who do esteem a good common 
cement; and the quicker it is used, and 
the less exposed to the deteriorating influ- 





ences of the atmosphere, the better material 
will it be. 


ENGINEERING CHEMISTRY. 


From ‘* Engineering.”? 


Chemistry, though the grandest of the 
sciences, and scarcely older than the pre- 
sent century, is probably second to none in 
the importance of its bearing on most 
branches of industry. But, notwithstand- 
ing this fact, the cultivation of chemistry 
as a science is, in this country, left entirely 
to the accidental interest of individuals; 
and it is almost exclusively in connection 
with medicine that the principles of chem- 
istry are taught at any of our educational 
establishments. We have not, in this coun- 
try, a single chair of general applied chem- 
istry, and, with the exception of the profes- 
sorship of metallurgy at the Royal School 
of Mines, there is no provision for teaching 
the special application of chemistry to any 
branch of industry. Though we have some 
able chemists, their functions are almost en- 
tirely educational, or they cultivate chem- 
istry merely as amateurs, while the applica- 
tion of chemical knowledge and skill to 
industrial art is so far from being recognized 
as a profession, that, like engineering a cen- 
tury ago, it is a pursuit offering little defi- 
nite prospect to those who might be disposed 
to follow it, and one that is taken up only 
under chance circumstances. We are, how- 
ever, of opinion that there is not only room 
for, but a great need of, a class of compe- 
tent chemists who would devote themselves 
to the practical applications of this science, 
and to whom manufacturers, engineers, and 
others, could safely apply for advice and 
assistance in cases involving the considera- 
tion of chemical principles and knowledge. 
Among engineers generally it is, in this 
country, very seldom that any great ac- 
quaintance with chemistry is to be met with; 
and even manufacturers, as a class, do not 
generally possess such an amount of chemi- 
cal knowledge as would be desirable and 
necessary for the most efficient practice of 
their arts. Nor can it be expected that 
either engineers or manufacturers should in 
any case become so far masters of chemistry 
as to supercede the necessity for advice and 
assistance from those who have specially de- 
voted themselves to the study of the science 
in its practical bearings. One of the most 
serious obstacles that stand in the way of 
the formation of any such class of profes- 
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sional chemists as we have referred to, is 
the absence of any criterion by which the 
competence of chemists may be judged of, 
and qualified men distinguished from the 
host of quacks and charlatans who dub 
themselves chemists. Consequently, the 
only thing by which the public can be 
guided, is the fact of a chemist holding some 
position or office, of which there are, in this 
country, hardly any which are not purely 
educational. Even those are very few com- 
pared with the want that exists for sound 
chemical teaching, and those few chiefly 
fall to the lot of chemists who devote their 
attention to abstract chemistry rather than 
to its practical application. We do not 
pretend to say how any wider criterion of 
chemical competence is to be established, 
but we do not hesitate to express the opinion 
that it is very much needed at the present 
time. 

As regards more especially the applica- 
tion of chemical knowledge to engineering, 


there are unquestionably many branches of | 


this profession in which it would be of the 
greatest value, and somewhere it is indispen- 
sable. Thus, for instance, in regard to the 
subject which is probably the greatest engi- 
neering prot lem of the time, viz , the disposal 
and utilization of town refuse, and the waste 
products of manufactories, etc., together 


with the maintenance of rivers and other | 


accumulations of water in a proper condi- 
tion, both as means of communication and 
sources of water supply for towns; it is im- 
possible that it should be properly dealt with 
unless the chemical aspect of the subject is 
fully considered. Indeed the many serious 
evils arising from polluted rivers, sewage 
infection, and the waste material that would 
be of service in maintaining the fertility of 
land, are in a great measure to be ascribed 
to the one-sided views under which the pre- 
sent system of disposing of town refuse by 
water carriage was introduced, and to the 
disregard of those chemical principles which 
would have indicated the probable conse- 
quences of that system unless it were sup- 
plemented by measures for dealing thor- 
oughly with the material to be removed, and 
not merely transforming its noxious influ- 
ence from one locality to another. To this 
circumstance also must be ascribed the 


dead lock now existing in regard to sanitary | 


regulations, and the improvement of the 
condition of towns by the construction of 
sewers. 

The subject of artificial illumination and 


Vou. I.—No. 6.—35. 
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‘the questions as to the requisite purity and 
‘proper cost of illuminating gas constitute 
another field in which the services of the 
practical chemist may be of advantage to 
the engineer, and where the co-operation of 
engineers and chemists can alone be expect- 
‘ed to lead to satisfactory results. Not in 
|any way less important, or less capable of 
improvement by such united efforts of en- 
gineering and chemical skill, is the subject 
'of economy of fuel. In the production of 
|motive power, in the heating of dwellings, 
| the various branches of metallurgic art, and 
in many other cases where fuel is employed, 
|the quantity consumed is vastly in excess of 
that requisite for effecting the objects in 
|View. Improvements in this direction would 
| be a source not only of individual profit, but 
also of national advantage. We might ex- 
'tend the illustration of our views on this 
subject almost indefinitely, but we appre- 
hend the possible profit of and urgent need 
for greater attention being paid by engi- 
neers to chemistry is very widely appreciat- 
ed in the profession, and therefore we con- 
fine ourselves to mentioning the subject, in 
the hope that others may suggest a means 
of giving practical effect to our views, and 
make some effort towards carrying them out. 
The recognition of science by the State is 
as yet a principle too little acted upon in 
this country to warrant much hope of this 
idea being promoted from that direction ; 
but our private societies, such as the Insti- 
tution of Civil Engincers and the Society of 
Engineers, are sufficiently strong to take 
the initiative in this matter, and they might 
do good service by giving their support to 
some feasible plan for bringing chemistry 
more within the range of the engineer’s no- 
tice, and making chemical knowledge more 
readily attainable by him than it is now.* 


EVELOPMENT OF CuinA.—The forma- 
tion of a society is being actively pro- 
moted in Belgium with a view to the intro- 
duction of railroads and telegraphs in China, 
and the development of its mineral wealth. 
The project is favorably viewed by King 
Leopold, who has traveled in China. 





* These are timely considerations for America as 
well as for England, although the amount of sound 
chemical knowledge and practice in the arts would 
| appear to approximate to the demand more nearly 
| here than abroad. Our excellent schools are gradu- 
| ally supplying the want mentioned above, but they 
| should be better endowed. The best thing govern- 
| ments and rich men can do is to give money to scien- 
tific schools.—Ep. Van Nostrand’s Magazine. 
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THE BESSEMER PROCESS IN THE MAN- 
UFACTURE OF COPPER. 


By Franz Kupetwieser, Professor at Leoben, 
(Austria). 
Translated from Oester. Zeitschrift. 


No metallurgical process using exclusively 
atmospheric air as oxidizing agent, is able to 
produce a quicker and more energetic oxida- 
tion than the pneumatic or Bessemer process. 
It, therefore, must appear strange that this 
process has not yet been used in any other 
metallurgical manufacture than in that of 
iron and steel, although oxidation plays such 
an important part in the manufacture of other 
metals, that their separation from each other 
and their purification from noxious ingredi- 
ents can in many instances not be effected 
without it. The reason why the pneumatic 
process has not before been used in the manu- 
facture of other metals may be the following: 
The expenses for machinery necessary to 
make such experiments are considered to be 
very high. It is feared that a great loss of metal 
will result from the pneumatic treatment of 
most of these metals. It is expected that 
experiments of this kind would have to be 
made on a large scale, and consequently with 
a risk of considerable quantities of metal, be- 
cause it has been experienced in the treat- 
ment of iron, that the Bessemer process does 
not work to advantage when applied to small 
quantities. 

In considering, however, that the melting- 
points of most of the other metals and of their 
sulphides, when subjected to oxidizing pro- 
cesses, do not rise to such an extent as that 
of pig iron does in being converted into steel 
or soft iron, but that the products of such 
processes generally melt as easily as the 
original substances or compounds, it appears 
more than probable that the heat produced 
by the combustion of the matters to be oxid- 
ized, will be sufficient not only to replace the 
heat lost by radiation, but also to keep the 
final products in a fluid state even then, when 
the process has been carried on with smaller 
quantities. For small quantities of metal, 
small vessels only and less powerful blowing 
apparatus are required, and the absolute 
losses of metal caused by unsuccessful ex- 
periments, are less to be feared. 

To further encourage proprietors of metal- 
lurgical works to undertake such experiments, 
I publish the result of a successful trial of 
this kind, as communicated to me by the 
Russian mining engineer, Mr. Jossa. 

This trial was made in 1868, at the smelt- 





ing works of Wotkinsk, in the Ural Mount- 
ains (Russia), with coarse metal of the fol- 
lowing composition : 


Copper... .seecccecccsccccee eee 
Iron 


Sulphur 


31.54 
39.41 
25.29 
1.26 
0.95 


98.45 


Charges of 40 pud=1,450 Ib. avoirdupois 
of this metal were made in a small English 
Bessemer converter. This converter had 
been constructed originally for trials with 
pig iron, and had a capacity of 100 to 120 
pud of iron. It was, therefore, too large for 
the mentioned quantity of copper metal. An 
abundant quantity and pressure of blast was 
furnished by the existing blowing engine, 
and the conversion was lively and rapid. It 
was intended in these first trials only to con- 
centrate the metal, and not to produce black 
copper. To see how long the blowing was to 
be continued to advantage, samples of the 
slag were taken at different stages of the 
process. They were analyzed afterwards 
and were found to be composed of: 


No. 1. No. 2. 

Silicic acid ..... enianaes 34.46 29.46 
Alumina ......... 7 8.13 
Lime 2.53 
0.28 
57.24 
8.46 
1.68 


102.78 
6.75 


No. 3. 
27.20 
2.26 
2.00 
0.28 
58.55 
8.53 
1.77 


100.59 


Sesquioxide of iron.... 
Peroxide of copper .... 
Sulphur ..... eecece 


Containing metallic cop- 


6.81 


The product of the operations was con- 
centrated metal, composed as follows: 
COO... ccccces covets cscsenes 
Tron ...eecee tent eeesceeee eeeee 
Sulphur : 
Calcium .........-. oe ececee eens 
Slag .... 


From these notes, as communicated to me, 
the following inferences may be made. The 
coarse metal used is to be considered as one 
of the purest ever made, not containing any 
antimony, nor arsenic, lead, nickel, &e. The 
only object of the oxidizing operation was, 
therefore, the scorification of the iron, so as 
to obtain a concentrated metal with a higher 
percentage of copper. The last of the above 
analyses shows that this task has been fulfilled 
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by the pneumatic process in a very complete 
and satisfactory manner. The iron in the met- 
al has, in fact, been diminished to such an ex- 
tent that the product, after being calcined, 
can be converted into a very pure black cop- 
per by a single melting process. It appears 
that when air is blown through melted cop- 
per metal, the oxygen does not affect the 
copper as long as a sufficient quantity of iron 
and sulphur is present. The iron is burnt 
to protoxide, which unites with the slag, and 
a considerable part of the sulphur is burnt 
to sulphurous acid, which escapes. I may 
add some remarks on the analysis No. 3 giv- 
en above, which shows the composition of the 
slag obtained, together with the concentrated 
metal, at the end of the process. This slag 
is very nearly composed like a singulosilicate, 
and melts pretty easy, the greater part of its 
basic constituents being compounds of metals. 
According to Plattner’s rules of estimation, 
its melting point would be about 2300 deg. 
Fahr. It is remarkable that the copper oc- 
curs in these slags as peroxide, as it is 
generally found to be present as protoxide in 
such kinds of slags. 

As the slag No. 3 contains 1.77 per cent 
of sulphur which would combine with 6.34 
per cent of copper, forming a protosulphuret, 
it seems probable that the greater part of the 
copper found in the slag, exists there in this 
combination, as small particles of metal, 
being mechanically mixed with the slag. 
Thus the copper really oxidized and scori- 
fied would be reduced to a very small per- 
centage. 

By means of the above analyses and of the 
given weight of the coarse metal subjected 
to the process, the weights of the products 
may be approximately calculated thus: 


Weights in Pounds. 
Coarse Concentrated Slag. 
metal. metal. 
413.2 
516.2 
831.3 
17.5 


71. 
512. 
19. 


Oxygen,silica,&c. 525.6 





1,810.4 1,128.7 


=— 





It is seen, from this calculation, that the 
amount of slag is very large when compared 
with the quantity of concentrated metal pro- 
duced. As this slag contains a considerable 
amount of iron, its specific weight cannot be 
very much lower than that of the metal, and 
the separation of the latter will take place 





slowly. The products have, therefore, to be 
kept in a fluid state for some time at the 
close of the process, so as to avoid unneces- 
sary losses of metal. Should the slag, how- 
ever, contain a noticeable percentage of cop- 
per, it can be melted over again in the blast- 
furnace, as is generally done with the slags 
resulting from the ordinary concentrating 
process. A large amount of protoxide of 
iron being formed during a pneumatic charge 
made with coarse metal, a considerable quan- 
tity (306 lb.) of silica is required to scorify 
it. It might, therefore, prove advantageous 
to add a certain weight of silica to the charge 
to prevent a too rapid destruction of the 
converter-lining. As regards the quantity 
of blast required for the process, no direct 
data have been given tome. But this can 
easily be calculated from the amount of oxy- 
gen necessary for the oxidation of the differ- 
ent substances that were removed by the 
process from the original coarse metal. In 
neglecting the small quantities of calcium 
and copper oxidized, 


512 Ib. of iron were oxidized with 


146.2 lb. oxygen. 
240 Ib. of sulphur do 240.0 - 


Total oxygen 386.0 Ib., or 
4,246 cub. ft. (Austrian), 


To which added ..... 15,973 ‘ of nitrogen, 


Gives us 20,219 “© = of air. 
Consequently about 1,500 cub. ft. of atmos- 
pheric air are required for every 100 lb. of 
coarse metal treated. From this the dura- 
tion of a charge may be estimated at nearly 
20 minutes. 

The advantage resulting from the use of 
the pneumatic process in the manufacture of 
copper is chiefly this, that it enables us to con- 
vert the coarse metal directly into a metal 
so perfectly concentrated that, after being 
calcined, a single smelting operation will 
work it into black copper. Thus one cal- 
cining and one smelting operation are en- 
tirely avoided and the corresponding time, 
fuel and labor are saved. Continued experi- 
ments will decide in regard to the point up 
to which the process has to be continued, 
to obtain slags as poor in copper as possible. 
This process is, however, advantageous only 
in the larger copper works, where the ores 
are melted in large reverberatory furnaces 
holding as much metal as is required for a 
Bessemer charge, so that the coarse metal 
produced in these furnaces can be run 
directly into the converter without being 
remelted. 

It is, nevertheless, desirable that further 
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trials be made to make useful, for the manu- 
facture of copper or other metals, a process 
which achieves so great things in the metal- 
lurgy of steel and iron. S. 


FIRE AND BILGE PUMPS IN SHIPS. 


ON THE LOCATION OF INDEPENDENT 
STEAM FIRE AND BILGE PUMPS IN 
STEAMERS. 

From a paper by Cuas. H. Haswett, Civil and 
Marine Engineer, New York, read before the In- 
stitution of Naval Architects. 

Of all the instruments and appendages 
connected with a marine steam engine, and 
the provident fitting of a steamer, the inde- 
pendent steam pump, or donkey, stands pre- 
eminent in importance; both on accouut of 
its general utility and its being, under 
many very probable and oft-occurring cir- 
cumstances, indispensable to the safety of a 
vessel. The applications of this instrument 
extend from the ordinary operations of a 
bilge pump and a boiler feed pump, to those 
of a fire and a hold discharge pump. 

When, therefore, the extended, and in 
many cases, the indispensable operations of 
this instrument are duly considered, it would 
seem to be imperative that it should be lo- 
cated where it can be most readily reached, 
and where it can be operated for the longest 
period without being submerged by water, 
enveloped in smoke, or cut off by fire. 

It occurs, however, that as a rule of Brit- 
ish and European practice, that it is located 
in the hold of steamers, immediately upon 
the lower engine room floor; this practice 
taken in connection with the insufficient ca- 
pacity of the pump for the general purposes 
of fire and leaks, would seem to have arisen 
from the functions of the pump, as viewed 
by the constructors of the engines, being re- 
stricted solely to the operation of feeding 
and pumping out boilers. The cases in which 
the location of the pump in the manner re- 
ferred to are objectionable, are as follows: 

1. A leak occurring in the furnace or water 
bottom of a boiler, and the hot vapor arising 
therefrom precluding access to the pump, 
and the setting of it in operation, whereby 
the water escaping from the boiler, not being 
replaced by the operation of this pump, 
would soon expose the tubes or crown plates 
of the furnace to be burned, and the boiler 
rendered thereby unsafe for operation. 

2. A leak in the hull of a steamer sud- 
denly occurring from a collision with ice, 
another vessel, a pier or a sunken rock, or 





the disruption of the propeller shaft stuffing- 
box in a propeller, whereby the influx of 
water would be fully equal to the combined 
capacities of the pump and engines to dis- 
charge. The distance between the pump and 
the floor of the vessel, or the level of the 
water in the hold, would be so little, that 
any arrest of the pump from continuous ope- 
ration, for adjustment or repair, would in- 
volve its submersion before it could be set 
in renewed operation. 

3. A fire occurring upon the main deck of 
a steamer, whereby the smoke would be 
drawn into the engine and fire rooms by the 
draught of the furnaces of the boilers, and 
this pump rendered inutile by the impracti- 
eability of reaching it to set it in operation. 

4. A vessel grounded or stranded upon a 
sand or soft bottom, and leaking; her pump, 
from the ingress of sand and mud into her 
hold, would require frequent clearance ; the 
delays consequent upon which would cause 
the pump to be submerged before it could be 
freed and set in operation. The only de- 
fence that ever has been advanced for this 
violation of regard to the safety of a vessel, 
in locating this pump, where in many cases 
as here shown, it would necessarily be inope- 
rative, is, that, in the event of the hold 
being flooded with water, the fires in the 
furnaces of a boiler would consequently be 
drowned, and that, the steam wherewith to 
operate this pump being obtained from 
the boilers, its functions would cease with 
the drowning of the fires. Admitting this po- 
sition to be strictly tenable, it does not meet 
the conditions of this pump, being arrested 
in its operations by sand, mud, smoke or the 
escape of steam. The position advanced, 
however, is not one of general application, 
as in a majority of cases, and especially in 
this country, there is an independent boiler 
connected with this pump, which, when lo- 
cated upon the main or spar deck, and acting 
independently of the engine boiler, its func- 
tions would not be affected by the influx of 
water into the hold of a vessel. 

The common plea, that a pump located in 
the hold of a steamer, below the water-line, 
will operate more effectively than if located 
upon the main deck, is only advanced by 
some engine drivers, whose conceptions of a 
steamer are restricted to the operations of 
the engines and their dependencies, or by 
some owners of steamers, who are disinclined 
to incur the cost of a removal of the pump to 
a proper location. ; 

In this connection the capacity of this 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


a tet 
pump, proportionate to the dimensions of the 
vessel, is worthy of consideration; and, as a 
further rule of practice, the capacity of this 
pump in British and European steamers is 
much inferior to that in use in this country. 
The general security of lines in British ves- 
sels, under the stringent requirements of 
Lloyd’s rules, has not generally opened the 
subject of the propriety of using a steam 
pump for other purposes than those referred 
to, as confined to the operation of the boil- 
ers of a vessel; for, in many cases, this pump 
cannot be used to draw water from the bilge 
or hold of a vessel, and has not any fire hose 
connections beyond the immediate precincts 
of the engine room. 

The capacity of this pump, proportionate 
to the vessel in this country, may be judged 
of from the following cases: A British steam- 
er, now in this port, built upon the Clyde as 
late as 1867, and belonging to a leading 
company in the extent and character of its 


trade, presents the following cases: Z —* 


xb 3 = 3,230 tons has but one independent 


pump, having a water cylinder of one gallon 
capacity, or a discharging capacity of 12,000 
gallons per hour, or 3.7 gallons per ton per 
hour. 

The new steamers of the Pacific Mail 
Steamship Company, built in this city in 
1867, present the following cases : 


I-34 by 
6 = 4,200 tons have four inde- 

pendent pumps, having water cylinders of 
17} gallons capacity, or a discharging capa- 
city of 136,500 gallons per hour, or 32.5 gal- 
lons per ton per hour. 

In further support of the position assumed, 
I submit that there has occurred very many 
cases where steamers have foundered, burned | 
or been wrecked in consequence of the loca- | 
tion of their independent steam pumps in| 
their holds. Three cases, and important 
ones so far as the loss of lives and property 
are concerned, can but be familiar to all. 
The Arctic, foundered at sea, 1854, had two | 
independent pumps of a combined discharg- | 
ing capacity of 31,000 gallons per hour, and | 
an attached boiler, all of which were located | 
in her hold. When her bottom was perfo-| 
rated by collision with the sharp prow of an 
iron steamer, the influx of water was supe-_ 
rior to the capacity to discharge it, and for 
the following causes ; 7 | 
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Ist. Her independent boiler could not be 
put in operation until steam was raised in it. 

2d. Her floor being filled in solid, her 
bilge injections could not operate effectually 
until the water was fully two feet in depth, 
in consequence of the roll of the vessel. 

3d. At the time sufficient water had flowed 
into the hold for the bilge injections to ope- 
rate with their full capacity, the additional 
depression of the vessel occasioned by this 
influx of water had reduced the number of 
revolutions of the engines, and consequently 
their capacity to discharge the inflowing wa- 
ter, added to which, the water at that height 
washed the water bottoms and ash pits of 
the boilers, and reduced their capacity to 
furnish steam to operate the engines. Thus 
with a constant flow of water the capacity to 
discharge it was being rapidly lost, 

It occurred, however, that there elapsed a 
period of four hours after the collision, before 
this vessel sunk, and as a computation made 
by me of her entire weight as a mass, less 
the actual displacement of every particle of 
her and her cargo, gave but a difference of 
1,000 (one thousand) tons, it appears that 
the discharge of this weight of water, or 
65,570 gallons per hour, would have left this 
vessel free of water, and enabled her, so far 
as that collision was concerned, to have 
reached a port of safety. Now, as the capa- 
city of her bilge injections, at even the re- 
duced number of revolutions of ten, would 
have been equal to 80,000 gallons of water 
per hour, it is manifest that the loss of this 
vessel at this time is directly attributable to 
the location of her independent pumps and 
their attached boiler. 

The Austria, burned at sea in 1858, in 
consequence of the smoke from a fire upon 
the main deck pervading the engine room and 
suffocating the watch, and as a consequence 
precluding the operation of her pump as a 
fire engine. The Britannia, lately foundered 
at sea by the flow of water in her engine 
room, and the submerging of her independ- 
ent pump. 

The remedy I propose for this objection- 
able manner of the fitting of a steamer, is to 
require this pump to be located upon the 
main or tonnage deck, and that it have an 
independent boiler attached to it, located 
upon the main deck, or preferably upon the 
spar deck, in vessels having two or more 
decks; and that all passenger steamers be 
required to have this boiler ready for opera- 
tion during the night, or during the preva- 
lence of a fog. 
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RETARDING RAILWAY TRAINS. 


From ‘‘ Engineering.”’ 


It is a somewhat curious fact that, while 
during the past three years or so railway en- 
gineers on the continent have largely adopt- 
ed the plan of retarding trains by means of 
counter-pressure exerted against the pistons 
of the locomotives, the subject has received 
practically little or no attention in this coun- 
try. That the ordinary plan of retarding 
trains by the application of brake blocks to 
the wheels is at best but a very imperfect 
one, it is impossible to deny; and it appears 
to us to be well worthy of consideration 
whether it cannot, in many instances at all 
events, be replaced by a less crude system. 
On those lines, especially, which have long 
inclines down which it is not safe to run the 
trains without the application of some retard- 
ing power, a more perfect method of effecting 
that retardation than that at present in use 
appears to be particularly desirable. On such 
lines not only does the rapid wear of the 
brake blocks introduce an important item 
into the cost of working, but there is an ab- 
solute waste of power caused by the use of 
the brakes which it is most important should 
be avoided. 

A theoretically perfect brake would be one 
which, while giving perfect command of the 
train, should act as a kind of reservoir of 
power, absorbing the energy or “work” 
stored in the moving train, when the latter 
has to be retarded, and giving it out again 
as required, when a start has to be made or 
the motion of the train accelerated. It is 
scarcely necessary that we should observe 
that these ends can never be fulfilled practi- 
cally, even in the remotest degree, by any 
brake acting on the principle of effecting re- 
tardation by opposing frictional resistance. 
We say practically, because, as far as theo- 
retical principles are concerned, the applica- 
tion of frictional resistance would cause the 
transformation of the energy absorbed into 
sensible heat, and this might theoretically be 
again converted into its equivalent number 
of foot-pounds of useful work; practically, 
however, as we have said, this could not, of 
course, be done. Practically, in fact, all 
work expended in overcoming such frictional 
resistance as is produced by brake blocks, is 
lost beyond all hope of recovery; and in 
searching after a more perfect method of re- 
tarding railway trains, those forms of appa- 
ratus in which friction alone is used as a re- 
tarding power must therefore be avoided. 





Our reasons for saying friction alone will 
appear presently. 

Leaving, then, friction brakes out of the 
question, there are three principal methods 
of retarding trains, which have at various 
times occupied the attention of inventors. 
Thus, in the first place, it has been proposed 
that trains should be retarded by causing 
them—through the intervention of suitable 
gearing connected at pleasure with the wheels 
—to coil or compress springs, these springs 
being subsequently released, and caused to 
give out their stored-up power to the train 
when the latter had to be started. Some 
very wonderful patents have been taken out 
from brakes of this kind; but it is, we think, 
unnecessary that we should say more of these 
plans, as all engineers will at once see their 
impracticability. Next, we have the sugges- 
tions of those who propose to retard trains 
by causing them to pump air into a reservoir, 
the air thus compressed being in some cases 
employed to furnish a motive power for assist- 
ing in the starting of the train. We remem- 
ber the designs of one inventor who, with a 
desperate disregard of the £ s. d. side of the 
question, proposed to fit a number of the 
carriages on each train with cylinders, pis- 
tons, connecting-rods, valve-gear, etc. ; it 
being intended that when the train was to 
be stopped this machinery (the valve-gear 
being reversed) should be employed to pump 
air into a mammoth reservoir carried in a 
special carriage, and that when the train was 
to be started the compressed air should be 
admitted into the cylinders of the carriages 
again, and made to serve as a driving power 
as long as it would last. As an idea, this 
plan was, no doubt, all very nice; but we 
fear that its chances of ever getting beyond 
the ideal stage are exceedingly remote. Of 
the various plans which have been proposed 
for effecting the retardation of trains by ex- 
pending their energy in effecting the com- 
pression of air, the most practical is probably 
that of Mr. De Bergue, which has been used 
on the Northern, the Eastern, and the West- 
ern railways of France, and also, we believe, 
on one of the Spanish lines. Mr. De Bergue’s 
plan consists in reversing the engine when 
the train is to be retarded, and causing the 
pistons to pump air into a reservoir with 
which the locomotive is provided; this reser- 
voir being fitted with a safety valve. To 
prevent dust from being drawn into the cylin- 
ders from the smokebox, the blast pipe is 
shut off from communication with the latter 
when the brake is in action, and air is ad- 
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mitted through a valve provided for the pur- 
pose. The results obtained with this brake 
on short inclines have, we understand, been 
very satisfactory; but we fear that for con- 
tinued use on long inclines it would be un- 
suitable, as there would be danger of trouble 
arising from the heating of the pistons, pack- 
ing, ete.; moreover the work expended in 
compressing the air is, in this instance, as 
much lost as if it had been employed in over- 
coming the frictional resistance opposed by 
brake blocks. 

The third class of brakes of which we in- 
tend to speak here consists of those in which 
the counter-pressure of the steam against the 
pistons of the locomotive is employed as the 
retarding power. Of these the best are those 
of M. Le Chatelier, Herr von Landsee, and 
Herr Krauss, each of which possesses certain 
advantages of its own which entitle it to con- 
sideration, and, we may add, certain disad- 
vantages. Herr Krauss’s plan* consists of 
an arrangement by means of which the blast 
nozzle can be closed, and the steam admitted 
into the cylinders through the exhaust pipes, 
instead of in the ordinary way; the steam 
thus admitted being partly pumped back 
again into the boiler through the exhaust 
pipes, and partly discharged into the valve 
chests, and thence through a valve into the 
chimney. The slide valves, we should men- 
tion, are constructed so that they cannot be 
lifted from their places by the pressure of 
the steam on the under side. According to 
this plan the engine is not reversed when the 
retarding power is to be applied, but the 
course of the steam is merely changed in the 
manner we have just mentioned. 

In order to point out more clearly the 
differences between this plan and those of 
M. Le Chatelier and Herr von Landsee, let 
us consider more minutely what goes on in 
the cylinder when Herr Krauss’s brake is in 
action. For this purpose we shall confine 
our attention to one cylinder, and suppose 
the piston to be at the commencement of its 
forward stroke. In this case the hind end 
of the cylinder will be in communication 
with the valve chest, while the whole of the 
cylinder in front of the piston will be full of 
steam, being in communication with the boil- 
er through the exhaust pipe. As the piston 
is forced forward by the motion of the engine 
and train, this steam will be pumped back 
again into the boiler, this action going on 
until the exhaust port closes, and compres- 





*See “* Engineering,”’ p. 475, 1868. 





sion begins—the compression continuing up 
to what, in the ordinary course of working, 
is the point of preadmission, when the front 
end of the cylinder being placed in commu- 
nication with the valve chest, the compressed 
steam is discharged into the latter, from 
which a portion of it passes through the valve 
already mentioned, into the chimney. So far 
we have considered what goes on at the front 
end of the cylinder ; let us now examine what 
oceurs at the hind end during the forward 
stroke of the piston. During the first part 
of the stroke, the hind end of the cylinder 
being in communication with the valve chest, 
any steam that may be in the latter is ex- 
panded into the cylinder, and this action 
goes on until the piston arrives at what in 
the ordinary course of working would be the 
point of cut-off. At this point communica- 
tion with the valve chest is closed, and the 
steam in the cylinder continues to expand 
until the hind end of the cylinder is placed 
in communication with the exhaust, when the 
steam rushes in and fills the space behind the 
piston, the supply being kept up until the 
end of the stroke. It will thus be seen that 
during the first portion of each stroke—or up 
to what under ordinary circumstances is the 
point of exhaust—the resistance to the mo- 
tion of the piston consists of the full counter- 
pressure of the steam in front of it, assisted 
by a partial vacuum behind. During the 
subsequent portion of the stroke, however, 
the steam is, as we have shown, admitted 
behind the piston, and the resistance to the 
latter is then only that due to the difference 
between the pressure of this steam and that 
of the compressed steam in front of the pis- 
ton. We have not yet had an opportunity 
of inspecting indicator diagrams taken from 
engines fitted with Herr Krauss’s apparatus ; 
but we should anticipate that the rise of 
pressure which will take place during the 
compression of the steam will in many in- 
stances be so great as to be objectionable. 
If this is the case, however, the objection 
might be readily overcome by fitting a small 
spring-loaded valve, opening outwards, to 
each cylinder cover, these valves being of 
course so loaded that they would not open 
until the ordinary working pressure of the 
steam had been considerably exceeded. It 
will be noticed from the description we have 
given that Herr Krauss’s is not a ‘‘ regenera- 
tive”’ brake, or in other words, the work done 
by the pistons in retarding the train is not 
stored up for subsequent use. In other re- 
spects we consider the arrangement a good one. 
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The steam-repression brake of Herr von 
Landsee in some respects resembles in its 
action that of Herr Krauss’s; but the mode 
in which the results are obtained is differ- 
ent. Like Herr Krauss, Herr von Landsee 
does not reverse the engine, when the brake 
is to be applied; but he closes the exhaust 
pipe, places the link motion nearly or quite 
in mid-gear, and admits the steam against 
the piston for nearly the whole stroke by 
means of an auxiliary slide valve, worked by 
an eccentric which is set without any angu- 
lar advance. The employment of an addi- 
tional valve, eccentric, etc., for each cylin- 
der appears to us to be an important objec- 
tion to Herr von Landsee’s plan, and we 
must confess that we cannot at present see 
what advantages he can gain by his system 
which will compensate for the additional 
complication. We may remark here that in 
both Herr Krauss’s and Herr von Landsee’s 
plans, the cylinders are lubricated by the 
steam in the same manner as during ordi- 
nary working, so that there is no danger of 
overheating, cutting, etc. 

We now come to M. Le Chatelier’s appa- 
ratus, which has, during the past three years, 
come into extensive use in France, more than 


five hundred locomotives being fitted with it 
on the Paris, Lyons and Mediterranean line 


alone. The apparatus has also been applied 
to a large number of engines on the Northern 
railway of Spain and other Continental lines. 
M. Le Chatelier’s apparatus may be simply 
described as an arrangement for enabling a 
locomotive to be reversed whilst running 
without danger of damaging the cylinders, 
valve-faces, etc., by dust or grit drawn in 
through the exhaust pipe from the smoke- 
box. As fitted to the engines on the Paris 
and Lyons railway the apparatus consists of 
a closed copper box divided into three com- 
partments, two of these compartments being 
respectively connected with the steam and 
water spaces of the boiler by suitable pipes, 
while the third compartment is separated 
from the two others by a partition having 
formed in it ports covered by small slide 
valves. By means of these valves steam and 
water can be admitted in regulated quantities 
when required into the third compartment, 
from which the mixture is conducted by a 
pipe furnished with branches to the exhaust 
pipes from the two cylinders. When the 
engine is reversed, the mixture of water and 
steam is admitted to the exhaust pipes, a 
portion of this mixture escaping through the 
exhaust nozzle, and preventing the ingress 





of air from the smokebox, while the remain- 
der is pumped by the action of the pistons 
into the boiler. Recent experiments made 
on the incline at Etampes, on the Paris and 
Orleans railway, by MM. Forquenot and Le 
Chatelier, have shown that the admission of 
water alone, from the boiler into the exhaust 
pipes, fully serves all the desired ends, with- 
out the admixture of steam. When the water 
is admitted to the exhaust passages in this 
way the sudden relief of pressure causes it 
to be diffused as a fine mist, a portion being 
vaporised and escaping as steam through the 
exhaust nozzle, whilst the remainder enters 
the cylinders, and not only lubricates them 
and the valve-faces, but is evaporated by the 
heat developed by the friction, and is pumped 
back as steam into the boiler. The experi- 
ments with the apparatus have, in fact, shown 
that when an incline is being descended, the 
apparatus being in use, the pressure in the 
boiler increases rapidly, while there is no 
heating of the piston packing or valve-faces, 
and, the pumping of air into the boiler being 
prevented, the action of the injectors is not 
interfered with. This latter is an important 
point now that these instruments are so gene- 
rally used for feeding locomotive boilers; 
and to ensure it, care should always be taken 
in using M. Le Chatelier’s apparatus that 
there is a small escape of steam from the 
exhaust nozzle. 

The retarding power obtained by reversing 
an engine, may be diminished or increased 
by placing the valve motion nearer to or 
further from mid-gear, and to enable this 
adjustment, and also the reversal to be 
effected with ease and safety while the engine 
is running the locomotives on the Paris and 
Lyons railway, fitted with M. Le Chatelier’s 
apparatus, have been also provided with 
screw reversing gear, similar to that which 
we illustrate on page 300 of our third vol- 
ume. In any case, however, the retarding 
power which M. Le Chatelier’s arrangement 
is capable of affording, is less than that 
given by the plans of Herr Krauss and Herr 
Landsee. ‘This will be evident if we con- 
sider what goes on during a stroke of the 
piston when an engine is reversed; and let 
us suppose for example that, as before, the 
piston is just commencing its forward stroke. 
In this case, the engine being reversed, the 
hind end of the cylinder will for a short 
portion of the stroke (equal to the period of 
preadmission in ordinary working) be in com- 
munication with the valve chest, and steam 
will thus be admitted. After the steam port 








is closed, there will be a period of expansion 


lasting until the piston arrives at the point | 


which, if the engine was not reversed, would 
correspond to the commencement of the ex- 
haustion during the backward stroke of the 
piston. On this point being reached the 
hind end of the cylinder will be placed in 
communication with the exhaust pipe, and 
the mixture of steam and water will thus be 
admitted from the latter into the cylinder. 
This admission will continue up to the end 
of the stroke. During the early part of the 
return stroke, the communication between 
the hind end of the cylinder and the exhaust 
continues open, so that a portion of the vapor 
admitted is forced back into the exhaust 
pipe again; but on the piston reaching the 
point which corresponds in ordinary working 
to the commencement of the exhaustion dur- 
ing the forward stroke, the communication 
between the hind end of the cylinder and the 
exhaust is shut off, and the vapor contained 
in the cylinder is compressed by the piston. 
Finally, when the piston reaches the point 
corresponding to the cut-off of the steam 
during the forward stroke, when the engine 
is not reversed, the valve uncovers the steam 
port leading to the hind end of the cylinder, 
and the full pressure of the steam is admit- 
ted against the piston during the remainder 
of its stroke, the steam thus admitted, to- 
gether with the vapor already in the cylinder, 
being eventually forced back again into the 
boiler. 

Briefly stated, then, the difference between 
the action of M. Le Chatelier’s arrangement 
and that of Herr Krauss is this—that in the 
former the steam is admitted against the pis- 
ton during a period corresponding to that of 
the admission of steam behind the piston, if 
the latter was moving in the opposite direc- 
tion, and the engine was not reversed ; while, 
according to Herr Krauss’s plan, the period 
of admission of the steam against the piston 
corresponds to the duration of the exhaustion 
in ordinary working. At slow speeds the 
difference in the retarding powers of the 
two plans is perhaps not so very great, but 
when the engine is running fast the power 
of M. Le Chatelier’s system is considerably 
diminished as compared with Herr Krauss’s, 
the comparatively slow opening of the steam 
ports by the slide valve preventing the full 
pressure from being maintained against the 
piston, in the former case, for anything like 
the theoretical distance. 

_ The want of sufficient power is, we con- 
sider, the only real objection to M. Le Cha- 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





521 





telier’s system; and there are very many 
circumstances in which even this objection 
does not apply. According to experiments 
made by M. Guebhard, of the Eastern rail- 
way of France, a retarding power can be 
obtained by M. Le Chatelier’s arrangement 
equal to about 40 per cent. of the full tract- 
ive power of the engine; and there are very 
many cases in which this amount of retard- 
ing power will prove amply sufficient. In 
one respect M. Le Chatelicr’s system has a 
decided advantage over Herr Krauss’s or 
Herr von Landsee’s, and that consists in its 
turning to useful account a portion of the 
work performed by the pistons. The water 
admitted into the cylinders takes up the 
heat generated by the friction of the pistons, 
etc., and, being converted into steam, carries 
this heat back into the boiler. At first sight 
this may appear a small matter, but the 
experiments made by M. Ricour, on the 
Northern railway of Spain, have shown that 
in some instances the heat thus carried back 
during the running of one kilometre with the 
apparatus in action is equal to that generated 
by the combustion of 2.2 kilogrammes of coal, 
or about 73 1b. per mile. M. Le Chatelier’s 
apparatus may therefore lay fair claim to be- 
longing to the class of ‘ regenerative” 
brakes. 

The present article has already run to such 
a length that we must leave untouched many 
points connected with the subject on which 
we have been writing, and must conclude by 
saying a few words concerning an objection 
that has been often raised against the 
employment of any of the plans we have 
described. This objection is that the em- 
ployment of all ‘piston brakes,” if we may 
be allowed the expression, throws injurious 
strain upon the working parts of the engines. 
This objection we believe to be entirely with- 
out foundation so long as the resistance 
opposed to the motion of the pistons is not 
so great as to cause slipping of the wheels. 
Slipping is no doubt injurious in many ways; 
but we believe that it is very nearly as inju- 
rious if caused by the application of brake 
blocks as if caused by opposing resistances to 
the pistons. In any case the strain which 
can be thrown upon the connecting rods, ete., 
is limited by the adhesion of the driving or 
coupled wheels, and we fail to see that these 
strains can do more injury to the various 
parts when tending to retard the motion of 
the engine than when employed for the oppo- 
site purpose. 
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ROADS. 


In an article on this subject, in the “‘ New 
Jersey Courier,’ Mr. E. Sherman Gould, C. 
E., after pointing out the importance of good 
highways as feeders to railways, gives the 
following results of experiments and prac- 
tice in France, which, though not modern, 
are standard and timely :— 

“‘ According to a most instructive tract by 
Gen. Sir John F. Burgoyne on the mainten- 
ance of macadamised roads, there were in 
France in 1835 some 45,000 miles of high 
roads, over which the yearly draft of mer- 
chandise was effected at an expense of about 
ninety millions of dollars. The French engi- 
neers calculated that at least one-third of 
this amount or thirty millions of dollars 
might be saved to the public by maintain- 
ing the roads in the best possible condition, 
and that not only at no additional cost, but 
with a positive reduction of the then annual 
expense of the maintenance. Now the French 
engineers are not subject to slips in their 
calculations, and it therefore becomes a most 
profitable study to investigate the means by 
which they proposed to accomplish this aston- 
ishing result. Briefly, they consisted first in 


putting the roads in perfect order, and then 


keeping them so. The system previously 
pursued had been to use the roads with few 
or no repairs up to the last moment it was 
possible to drag a vehicle over them, and 
then rebuild them entirely, preserving all 
the elements, such as bad drainage and bad 
foundations, which had already hastened 
their destruction. To accomplish the im- 
proved state of things, every attention was 
paid to the formation of the road-bed, and 
it was then subjected to a most minute and 
unremitting surveillance by an organized 
corps; every inequality of surface was filled 
up as soon as it occurred, and all waste mat- 
ter was regularly removed, preferably as 
dust, with brooms in dry weather, but some- 
times also as mud, in wet weather, by hoes 
and hand-scrapers, the horse-seraper being 
abolished, as battering the smooth surface. 
It was found that by this system of constant 
patching and sweeping, an immense saving 
of material was effected, since no more was 
put down than was absolutely required. 

As an example of how far these calcula- 
tions were verified, Gen. Burgoyne instances 
the case of the post road between the towns 
of Tours and Caen, a length of about 150 
miles, which in 1836 was announced in an 
official report as being in so bad a state, 





that without a special credit of ten thousand 
dollars and a great additional provision of 
materials, there was danger that it would 
become impassable. In January, 1837, its 
reconstruction was commenced. In August, 
1838, it was reported to be in a very good 
and constantly improving state. In 1834 
the mail had always required five horses, 
and in one year eleven were lost by over- 
work. In 1837 four to five horses were 
required. In 1838 the number of horses 
was reduced to three. In 1841 only two 
were required of middling quality, and none 
were lost frum over-work. In 1839 a lighter 
class of conveyances than that formerly em- 
ployed was introduced, carrying nine passeu- 
gers, drawn by one horse at between seven and 
eight miles an hour. The expenses of main- 
tenance in 1837 were for materials $2,900; 
labor $2,500; total $5,400. In 184! they 
were for materials $810; for labor $2,200; 
total $3,010. It will be thus seen that while 
the expense for labor remained nearly the 
same, the cost for materials diminished more 
than two-thirds. 

The improved roads of France are all, or 
nearly all, macadamised. Their width varies 
according to their tonnage. The portion de- 
voted to vehicles is never less than sixteen 
(16) feet. Ditches are dug on each side, 
and when necessary the road-bed is under- 
drained. The surface is slightly rounded, 
and but slightly, for it is important that 
vehicles should be able to stand upright on 
any part of it, so as to discourage the ten- 
dency to seek the center only, and produce 
a more even wear. As far as possible, the 
grades are kept between the limits at which 
water will run, and at which a vehicle will 
stand without running down hill by its own 
weight; when practicable not less than the 
former nor greater than the latter. The 
road-bed being properly prepared, it is 
covered with about six inches of broken 
stones, of such a size as to pass freely 
through a ring 2} inches in diameter, the 
stone being very carefully selected, chiefly 
with regard to its toughness, basalts and 
granites being the most esteemed. It is 
then heavily rolled, with rollers ranging 
from two to five tons in weight, the opera- 
tion being repeated until the surface is com- 
pressed into a smooth, solid crust, gravel 
being slightly sprinkled over the road while 
in process of rolling. The road being thus 
brought to the highest degree of hardness 
and smoothness, is never suffered to deterio- 
rate. This is the secret at once of its great 
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earrying efficiency, and the economy of its 
repairs. The same reduction of shock and 
friction which enables a team to draw a 
heavy load swiftly over the surface, dimin- 
ishes in a rapidly increasing proportion, its 
wear and tear. On the other hand, the 
incessant patching of the road wherever the 
uniformity of the surface is in the slightest 
degree impaired, reduces to a minimum the 
interference with rapid traveling, the amount 
of damage sustained at any given moment 
by the road and the quantity of material 
used in its maintenance, for the rough spots 
are always few and small, the little hollows 
formed in the road are never left to gain 
ground by wear and water, and not a pound 
of material is wasted. 

Such are the leading principles which 
govern road-making abroad, and such we 
cannot but think the results to which our 
efforts in this country should tend. It is 
not, of course, to be hoped that, unaided as 
we are by government interference, we can 
attain to this degree of success in our roads, 
but we may rest assured that the nearer we 
approach to the path which the experience 
of older countries indicates, the nearer we 
will attain to the desiderata of a maximum 
efficiency and a minimum expense. 


RIVERSIDE CONSTRUCTION. 


t by Mr. Rowland Plumbe, A.R.I.B.A., 
efore the Architectural Association. 


From a pa 
read 
The author said that he would confine his 
remarks principally to the description of a 
riverside building which had lately been 
erected, and to which his special attention 
had been directed. The building was of the 
warehouse description, of a great height, 
and designed for the storage of heavy goods, 
the floors being constructed to sustain five 
ewt. per superficial foot. Not only was 
there a frontage to the river, but the return 
wall, for a distance of about 150 ft., formed 
the side of a dock, part being built over and 
part forming a wharf wall. Large and lofty 
cellarage was required under the whole, the 
floor line of which was to be nearly 12 ft. 
under the highest water level. The tide 
rose and fell against the whole length of the 
front and side walls to a height of from 10 
ft. to 13 ft. The special requirements un- 
der such cases are, first, to secure a thor- 
oughly good foundation, and, secondly, to 
prevent the water from entering the cellars. 
In describing the means of obtaining these 
results, the author confined his attention to 





such measures as he had either seen taken 
or recommended by practical men, or had 
himself directed to be carried out, avoiding 
all recommendations found in books as being 
of less value than a simple description of 
the means used in a certain case with great 
success. 

River WALL.—The first question to be 
determined in building the river wall is, 
whether to construct a dam or to build the 
work as the tide recedes. Wherever the 
tides will allow of the construction of build- 
ings without a dam, the question is practi- 
cally settled by the much smaller cost en- 
tailed, and the shorter time required for the 
execution of the work. Assuming, then, 
that the work is to be constrneted without a 
dam (. e., by tide work), the water must be 
pumped out of the trenches immediately the 
excavations are lower than the mud bank of 
the river. A convenient place must be 
found for the engine, which should be of 
from eight to twelve horse power, and the 
pump should be capable of throwing out 
about 1,200 gallons per minute. The posi- 
tion of the engine will depend to a great 
extent on the position chosen for the sump, 
which should be placed as centrally as pos- 
sible. The pump and engine being ready 
for working, the first excavation made will 
be for this sump, which is a well or receiver 
for all the water to be raised from the 
trenches, than which it should be sunk a 
few feet deeper. The trenches are then 
taken down to the requisite depth in lengths 
of from 15 ft. to 20 ft. ; drain pipes of suit- 
able diameter (say 6 in.) are laid along the 
trench, and when the water has been pump- 
ed out the concrete is filled in in layers to 
the required depth, suspending operations, 
of course, at each rise of the tide. The 
next sections can then be excavated on 
either side. The ends of the pipes laid 
along the bottoms of the trenches are now 
opened, to get rid of the water which has 
accumulated in them. As additional sec- 
tions of the trenches are excavated, other 
lengths of pipes are connected with the 
former ones, the concrete is filled in, and 
the whole length of the foundations is easily 
and efficiently drained. It is important 
that the sump-hole should be excavated out- 
side the trench. It should always be care- 
fully filled up with fine Portland cement 
concrete when done with. The sides of the 
excavations will have to be close planked on 
each side, and carefully shored, and it is 
important that the sheeting should be left in 
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the excavation when the concrete is filled in, 
the sides of the trenches not being suffi- 
ciently firm to hold the concrete until it has 
set, especially when disturbed by the draw- 
ing out of the planking. A necessary pre- 
caution in filling in and ramming is to pro- 
tect the footings of the wall with concrete, 
instead of filling in with ordinary material, 
which is liable to be washed away by the 
scour of the river. As a rule it will be ne- 
cessary to excavate until the sharp clean 
ballast is reached, and in any case it would 
be prudent to go as low as the bed of the 





cause when the superincumbent walls are 
built, and the weight of the same and of the 
respective floors bearing upon them came on 
the top of the river wall, perfect stability 
would be obtained with a much less thick- 
ness than would otherwise be necessary. A 
less average thickness than six bricks would 
not adequately suffice to keep out the water 
and resist the impact of river craft. Even 
when of this thickness special precautions 
must be taken to guard against the first con- 
tingency. The wall should be gradually 
sloped up with footings from the concrete, 


river at its deepest part opposite the site of |and should have a batter on the river side 


the building. Some architects advocate the 
forming of a foundation on a staging resting 
on piles driven to a great depth. Recent 


experience has, however, shown that this | 


system is certainly not preferable to concret- 
ing, especially for heavy buildings, as the 
scour of the river will frequently so under- 
mine the earth against the piles that all 
lateral support is taken away. Added to 
to this there are always chances of imper- 
fectly driven piles and decaying timber ren- 
dering this form of foundation one of great 
risk. The concrete used should be a quick 
and hard-setting material. The author had 


found fresh burnt, finely ground Portland 
cement, especially made for hydraulic pur- 
poses, and mixed with clean river ballast in 
the proportion of one of the former to seven 


of the latter, to answer admirably. It 
should not be thrown from a greater height 


than necessary, nor should large quantities | 
| measured, as also the sand, the latter (how- 


be thrown in at a time, as in that case the 
whole bed becomes jarred, and the process 
of setting is interfered with. Where prac- 
ticable, a strong gang of men working 
alongside and throwing in the concrete with 
the spade as it is mixed, will obtain tue 
strongest foundation. It frequently hap- 
pens that the spring and return waters ac- 
cumulate so fast that it is necessary to have 
the proportion of cement increased; the 
author had seen good work produced in 
such cases by having the concrete mixed 
dry, and again mixed with the water in the 
trenches as it was thrown in. It is always 
well to have a few sacks of cement ready to 
throw into the trenches when there is a dan- 
ger of the cement being washed out of the 
ballast by the rapid ingress of the water. 
The author next proceeded to describe a 
formula for ascertaining the thickness of a 
section of a river wall of given height to 
resist a given pressure of water; but any 
formulz of this kind are of little value, be- 





of about one inch to a foot. The material 


}and build of the wail are of the highest im- 


portance. In the wall referred to by the 
author, the hardest and closest textured 
stocks procurable were used, faced with 
Staffordshire blue bricks, not dressed, but 
of the ordinary building quality, built in 
Portland cement, and pointed with neat 
cement shortly after completion with an 
ironed joint, bevelled so as not to retain the 
water more than possible. In building the 
wall itself too much care cannot be taken in 
trying to make it as much like one mass as 
possible, and in seeing that every joint is 
thoroughly flushed up. Every course should 
be grouted, and the cement used with as lit- 
tle sand as possible, and never in more than 
equal proportions. In cases of this kind it 
is well not to trust to an ordinary workman 
to mix the cement. A banquer should be 
used, and the cement should be accurately 


ever clean in appearance) being carefully 
washed for use. No river wall is likely to 
keep back the water, in the construction of 
which imperfectly washed sand has been 
used, or in which a larger proportion of sand 
than cement has been employed. Roman 
cement should be carefully avoided in such 
cases, as its setting properties require more 
care than can be depended upon on the part 
of the ordinary run of bricklayers. 

In order to render water-tight the wall 
constructed by the author, he had used a 
water-proof material built iz its center, so 
as to be free from injury or decay. The 
wall was built in old English bond, and in 
its center a space of about 1} in. was kept 
between the stretching courses. This place 
was filled in with asphalte, and the heading 
courses were likewise bedded in asphalte. 
The great difficulty in the way of success- 
fully applying asphalte in such a position is 
to keep the work sufficiently free from water 








until the asphhalte has cooled and set, for if 
the least steam or vapor is generated, it is 
liable to render the asphalte porous and 


spongy. 


of the wall in the same manner, but using 
the cement quite neat, in conjunction with 
hard Staffordshire blue bricks. To ensure 
a waterproof wall the cement must really 
be used neat, and must be sufficiently air 
slaked as not to blow in the setting. The 
careful washing and cleansing of the bed of 
the work from the mud deposit after each 
tide has receded, must on no account be 
overlooked. Particularly must this deposit 
be removed from the racking back or tooth- 
ed edges of that section of the wall which 
is above the other. Even a thin bed of mud 
would be sufficient to destroy the continuity 
of the cement work, and leakage would be 
the result. As an extra precaution it would 
be as well to point the inside face of the 
wall in neat cement, well raking out the 
joints and pointing with a flat trowelled 
joint for limewhiting. Although stock 
brickwork in cement is mostly used for 
river walls, certain non-porous stones and 
granite are sometimes used, but even with 
these materials there will always be a ten- 
dency for the water to find its way through 
the joints. The gault bricks, lately so 
largely used for sewer construction, are ad- 
mirably adapted for river walls, provided 
they are kept thoroughly soaked in water 
before being used, for there is a danger of 
the cement not thoroughly taking to this 
kind of brick on account of its non-porous 
and fine texture. 

The wall having been built in sections of 
from 15 ft. to 20 ft., the tidal water as it 
advances and recedes completely surrounds 
the whole wall at the same level during the 
whole time of its construction, and conse- 
quently it has at all times been free from the 
pressure of the tides. But in order that the 
inside banks may be cleared away and the 
building proceeded with, it will be necessary 
to shut out the water. Sufficient time must 
be given for the work to thoroughly set, and 
as arule, it is better for a story or two of 
the superincumbent walls to be built over 
the river walls before shutting out the 
water, as the additional weight is a great 
help to stability. Six weeks or two months 
having been given from the building of the 
last section, and as much of the upper walls 
as possible having been built, the whole of 
the walls, every few feet apart, should be 
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shored with whaling and wall pieces, and 
the wedges driven hand-tight, so as to resist 
any outward pressure towards the inside 
without forcing the wall outwards. This 
having been done, the openings should be 
earefully bricked up in neat cement, a tide 
valve for the exit of the spring and other 
water inserted, and the chief part of the 
river wall will have been completed. Al- 
though the tid«l water comes up the face of 
the wall nearly to the level of the floor 
above the basement, it will be necessary to 
have a damp course slightly below the level 
of the basement floor. This can be of as- 
phalte or of some of the glazed stoneware 
damp courses now used, provided that they 
are not perforated or so highly glazed as to 
prevent the cement from properly adhering 
to the joints and beds. A good material of 
this kind would effectually prevent the water 
from rising through the wall when under the 
greatest pressure of the highest tide. 

As there is a liability of a greater amount 
of wear and tear at about the level of the 
highest water mark, and as it is highly de- 
sirable to have a good foundation for the 
walls supporting the upper floors, and a 
foundation of such a nature as to resist the 
dampness that would constantly be liable to 
arise from capillary attraction, it is usual to 
put a granite kerb at about this level. This 
should be in as long lengths as possible, 
joggle-jointed, the bed being at least 12 in. 
deep. For the protection of the wall from 
river craft, timber fender piles should be 
placed about 8 ft. apart. They are usually 
of fir, and should be Kyanised or Burnet- 
tised, or undergo some similar process. 
They should be 12 in. square, and so fixed 
to the wall as not to injure it in the event 
of great strains or sudden shocks being 
given to them. It is usual to bolt them 
through the wall, but where possible this 
mode of fixture should be avoided. <A 
strong cast iron shoe, with a suitable flange, 
built into the wall to receive the bottom of 
the pile, and a head of a similar character, 
with a similar flange, both having bolt-holes, 
and both being secured to the piles with 
strong coach screws, will be found much 
safer. Of course, in wharf walls having no 
superstructure there will be no alternative 
but to bolt through the walls. 

In designing river walls especial care 
should be taken to avoid projecting surfaces. 
Any projections or indents render the barges 
or other craft alongside liable to be caught 
by them as the tide rises, and held there un 
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til the water rises over and sinks them, or 
until the wall itself was lifted or shaken. 
To prevent such occurrences the bolt-heads 
of the piles were frequently furnished with 
flat circular cast iron roses, with holes sunk 
for the bolt heads, but even this slight pro- 
jection is objectionable. No projecting kerb 
should be put along the edge of a wharf 
wall, for it is sure to be lifted by the rising 
of the craft. 

Wuarr Watuis.—A wharf wall with no 
superstructure upon it, and backed up by 
the bank will, if about six bricks thick, 
generally be found of sufficient strength. 
But where cellars or arched vaults are re- 
quired, it is necessary to add to its strength, 
partly to resist the thrust of the arch, and 
partly to strengthen the wall beyond any 
fear of accident. The author had done this 
by building up piers at the back, and spring- 
ing segmental arches upon them in a longi- 
tudinal direction, immediately over which 
the skewback of the vault was formed. In 
such instances it is always well to cover the 
backs of the arches with asphalte, laid on in 
two thicknesses, and with a slight fall to- 
wards the river, so that any water percolat- 
ing through the pitching might find its way 
out down the ouside face of the wall. 

InLAND WaALLs.—On the land side, in 
works of this nature, provision has to be 
made against a permanent pressure of water 
which accumulates from the landsprings and 
other courses which, in such situations, al- 
ways flowed towards the river. These being 
intercepted by the buildings alongside the 
river, it frequently happens that an outlet 
does not occur for some considerable dis- 
tance, and where this is the case the danger 
of the water finding its way into the build- 
ing is very great. Asa rule, any system of 
drainage below high water mark had better 
be avoided, as depending upon receiving 
tanks, penstocks, tide valves, and other 
costly and uncertain arrangements. Any 
self-acting apparatus is likely to get out of 
order, and any machinery dependent on 
manual labor may at any time fail through 
neglect. In either case the result would be 
the complete flooding of the basement. For 
this reason all water should be kept entire- 
ly out of the basement, but for this no or- 
dinary precautions are needed. More fail- 
ures occur in the inland walls in respect of 
keeping out the water than in the river 
walls. The concrete, for such walls should 
be composed as before mentioned, or, if not, 
of Portland cement, at least of hydraulic 








lime. The walls should be, as a rule, at 
least four bricks thick, even though not re- 
quired to carry the superstructure. They 
should be built in cement and of hard stocks, 
in the manner described for the river wall, 
and a water-resisting medium of the same 
nature, as before described, should be built 
up in the center of the wall. The wall on 
the outside should be pointed with a bevel- 
led trowelled joint, or, better still, should 
be rendered in neat Portland cement. This 
last precaution will generally prove the 
cheapest and most efficacious in the long 
run, although somewhat expensive at first. 
A damp course, as before spoken of, will be 
most necessary, or the water will rise on the 
inside face of the wall, even from the con- 
crete upwards, as, at extremely high tides, 
there may sometimes be at the top of the 
concrete a pressure of over 1,000 lb. per ft. 
of water. A lining of puddle, 12 in. thick, 
packed behind the wall as it rises from the 
foundations, in lieu of the ordinary filling 
in, will be most useful in keeping the water 
away from the wall. For some classes of 
goods it is desirable to have wooden floors 
in the cellars. When this is the case, the 
basement should be made lofty enough to 
allow of such a floor being put in and the 
requisite space for ventilation being provid- 
ed under it. 

Tue FLoor.—Perhaps the floor is the 
most important feature for keeping out the 
water. In forming a judgment of the vari- 
ous steps to be taken to render the base- 
ment waterproof, it may be considered as a 
huge tank, which must be made entirely and 
at all points waterproof. Any waterproof 
coating on the inside (which could easily be 
got at) would, if put upon a sufficiently firm 
backing, effect the purpose of holding 
water. But to keep out water, the proper 
place to put the resisting material would be 
on the outside of the wall, the backing being 
inside. By the description of the construc- 
tion of the side walls, it will be seen that 
this has been so far effected. In the build- 
ing of the side walls the first precaution to- 
wards keeping the water from rising up 
through the floor will be to break the straight 
joint at the juncture of the floor and walls. 
Every alternate course of the brickwork be- 
low the floor level should be built out at 
least a quarter of a brick for a height of 
eight or nine courses. The brick piers for 
the supports of the floors should be similarly 
constructed. The first layer of the floor 
should be puddle, not less than 18 in. thick; 
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this being sure to drive the water to the 
walls, the value of the toothings will be 
manifest. The puddle should be well ram- 
med into these toothings. The next layer 
should be formed of asphalte, a thin layer 
of concrete (say 4 in. thick) being laid over 
the puddle to receive it. The asphalte 
should be laid on in at least two thicknesses, 
and a row of hard bricks or gault tiles 
should be bedded against the walls — 
and especially the piers—until a good firm 
hold has been obtained of the brickwork. 
The asphalte should be carefully watched, 
and, if possible, left till a high tide has 
tried its resisting powers. Wherever the 
least defect occurs, a gault tile laid over it 
and another layer of asphalte laid over that 
will probably stop it. At all events, the as- 
phalte must be laid on layer after layer until 
it has conquered the water, and it should 
also be carefully trowelled against the up- 
right work of the piers and walls as high as 
the next layer, which is formed of Portland 
cement and fine ballast, in the proportions 
of one to five, and laid on 12 in. thick, the 
upper 3 in. being grouted to form a floor or 
to receive any floor that may be put on it. 
This sets like one solid mass of stone, and 
is most valuable in keeping the asphalte in 
its place. 

The asphalte is not put on the surface be- 
cause the author had found, both in upright 
and floor work, that, however efficacious it 
is to resist mere dampness, owing to its 
elastic nature, it parts from its backing and 
blows and cracks wherever there is even a 
slight pressure of water, and when once this 
takes place, it is powerless to resist the in- 
gress of water. Where, however, it is con- 
fined between hard substances, such as those 
used for the flooring, or between a brick 
wall, it cannot move, and retains its water- 
resisting qualities. The interior of the 
walls should be coated with asphalte, and if 
not fouud sufficiently dry to admit of that 
operation, the joints should be raked out, 
the surface hacked, and a lining of two 
thicknesses of gault tiles bedded in neat 
Portland cement, finished with a trowelled 
surface, should be applied. This lining 
should go down to the edging of the gault 
tiles and asphalte, before mentioned, and the 
asphalte should be turned up against it. 
The cement should be the best obtainable, 
and it should be turned out of the bags and 
spread out for twenty-four hours before use 
to avoid the chance of blowing in the setting. 
If the tiles and cement are carefully applied 





by plasterers, the walls will be rendered 
waterproof. Mr. Plumbe, in conclusion, 


said the precautions he had pointed out were 
nearly all necessary for the successful exe- 
cution of the description of work referred 
to, and he could recommend them as having 
practically tested them. 


ATR-SURFACE CONDENSERS. 
THEIR PRINCIPLES AND PROPORTIONS. 
From ‘* Engineering.’’ 

When a tube heated internally by steam 
or other means is exposed to the air, it loses 
heat in two ways, namely, by radiation and 
by convexion, the amount of heat lost by 
each of these means being subject to con- 
siderable variation, according to the tempe- 
rature of the tube itself, the temperature of 
the air in contact with it, the temperature 
of surrounding objects, and other circum- 
stances. At low temperatures the loss by 
radiation may be taken as sensibly propor- 
tionate to the difference between the tempe- 
ratures of the emitting and receiving bodies ; 
but at high temperatures, and with great 
differences of temperature, this law does not 
hold good. The loss of heat by convexion, 
or by contact of the air, does not vary di- 
rectly as the difference of temperature be- 
tween the heated body and the air, but be- 
comes proportionately greater as that differ- 
ence is increased. The laws which govern 
the cooling of heated bodies exposed to the 
air are, in fact, somewhat complex, and we 
shall not attempt to enter fully into their 
consideration here, but shall merely apply to 
the case under consideration the data which 
have been obtained by reliable experiments. 

The most valuable researches on the cool- 
ing of heated bodies exposed to the air are 
those of Dulong, who has deduced from his 
experiments some excellent, though some- 
what ‘complicated, formule for calculating 
the loss of heat under different conditions. 
According to the experiments of Dulong, a 
horizontal pipe, 2 in. in diameter, contain- 
ing steam at atmospheric pressure, and free- 
ly exposed to air at a temperature of about 
57°, would be subject to a loss of heat suf- 
ficient to condense .34 lb. of steam of at- 
mospheric pressure for each square foot of 
exposed surface per hour. If the pipe were 
filled with steam ata pressure of 100 lb. 
per sq. in., the temperature of the external 
air remaining the same, the loss of heat 
would be sufficient to condense about 0.8 lb. 
per square foot of surface per hour. These 
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results agree very closely with those ob-| would thus be 160 x 5 = 800 Ib. of water 
tained in the course of ordinary practice by per hour; and, supposing the whole of the 
Messrs. Perkins, who have had very con-'steam produced to be used by the engine, 
siderable experience in heating by steam! the condenser would require to have 800 x 
pipes. Messrs. Perkins have found that in 3 = 2,400 sq. ft. of surface. Again, if we 
the case of pipes, charged with steam at a suppose the condenser to be traversed by 
pressure of 100 lb. per sq. in., about 100 tubes # in. in diameter inside, we should 
sq. ft. of exposed surface are requisite to, have almost exactly 4th of a sq. ft. of cool- 
condense per hour the steam produced by ing surface for each foot run of this tubing; 
the evaporation of a cubic foot of water, | and to obtain the 2,400 sq. ft. of surface, 
whilst, when the steam in the pipes is of there would have to be 12,000 ft. run of 
atmospheric pressure, about 150 square feet tubing in all. Ifthe tubes were 6 ft. long, 
of surface are required to produce the same 2,000 of them would thus be required, and 
result. The amounts of steam condensed these could probably be stowed within a 
under the two circumstances were thus casing about 4 ft. 6 in. in diameter; or if 
0.625 lb. and 0.417 lb. per sq. ft. per hour, | 3,000 tubes, 4 ft. long, were employed to 
quantities which agree very fairly with those | make up the surface, they could be arranged 
given by the researches of Dulong. These within a casing having a diameter of about 
results, it must be borne in mind, are due 5 ft. 6 in. In estimating these dimensions 
to the combined losses by radiation and con-| of the casing, we have supposed the dis- 
tact of air; but in the case of a surface | tances between the tubes to be } in. The 
condenser, consisting of tubes surrounded | weight of the condenser would be nearly, or 
by steam and traversed by currents of air, | quite, three tons. 

the loss of heat by radiation would be vastly! Next, let us calculate the quantity of air 
reduced, the cooling effect being almost en-| which it would be necessary to supply to the 
tirely due to the contact of air alone. Un-| condenser in order to carry off the heat ab- 
der these circumstances the value of the | stracted by the steam; and in making this 
cooling surface would be diminished to} calculation we may fairly assume that the 


about one-half that of surface freely ex- 
posed to the air, and instead of each square 
foot being capable of condensing, per hour, 
about 3} lb. of steam of atmospheric pres- 
sure, it would only be capable of condensing 
little more than half that quantity. On the 
other hand, the steam discharged into the 
condenser will, in all cases, have a tempera- 
ture higher than that due to steam at atmos- 
pheric pressure, and this excess of tempera- 
ture, combined with the rapid circulation of 
the air through the tubes, caused by a fan 
or other contrivance, will, to some extent, 
increase the efficiency of the condensing sur- 
face; and taking all these facts into con- 
sideration, we may, we think, fairly estimate 
the value of such tube surface, as about 
equal to that of freely exposed surface heat- 
ed by steam at atmospheric pressure, each 
square foot being capable of condensing, 
say, } lb. of steain per hour. 

Taking this fact as our starting point, let 
us next ascertain the dimensions of an air- 
surface condenser, suitable for such an en- 
gine as that mentioned by our correspon- 
dent. It is proposed that the boiler of this 
engine should have 160 sq. ft. of heating 
surface, and this surface is estimated to be 
capable of evaporating 5 lb. of water per 





square foot per hour. The total evaporation 


steam would be discharged into the con- 
denser at a pressure of about 15 Ib. per sq. 
in. above the atmosphere. The total heat 
of steam at this pressure is 1,190°, and to 
reduce a pound of such steam to water at a 
temperature of 212°, there would have to 
be abstracted 1,190—212 = 978 pound-de- 
grees, or units of heat. Multiplying this 
number by 800, the number of pounds of 
steam to be condensed per hour, we get 
800 & 978 = 782,400 as the number of units 
of heat to be taken up per hour by the air 
passed through the condenser. Now, the 
specific heat of air, at the ordinary atmos- 
pheric pressure, is to that of water as 0.238 
to 1, and a unit, or pound-degree, of heat 


will therefore raise a pound of ai 


4.2°, If we assume that the air enters the 
condenser at a temperature of 60°, and 
leaves it at 120°, its temperature being thus 
raised 60°, the quantity of air required will 
be, according to the facts already stated, = 


= 55,721.5 lb. of air per hour. 


At a temperature of 63°, the weight of air 

is 0.0761 Ib. per ec. ft., and the above weight 
55,721.5 wa 

would thus correspond to oer =! 


782,400 XK 4.2 
60 


213 cubic feet per hour. 
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We now come to another point, namely, | 


the power requisite to furnish this supply of 
air to the condenser. If we suppose the 
latter to contain 2,000} in. tubes, 6 ft. long, 
these tubes will have a combined sectional 
area of 6.138 sq. ft., and the velocity at 
which they would os traversed by the air 
would be 5-185 3¢ 30900 = 33.3 ft. per se- 
cond. To produce a flow of this velocity 
there would be required, according to the 
ordinary rules for calculating the flow of air, 
and supposing no resistances from friction, 
a difference of pressure at the two ends of 
the condenser equal to a head of about 
0.00916 lb. per sq. in. Again, in the case 
of a } in. pipe a foot long, there is required 
a difference of pressure of 0.000073 lb. per 
sq. in. at the two ends, in order to overcome 
the frictional resistances due to the trans- 
mission of one cubic foot of air per minute; 
and these resistances increase directly as the 
length of the pipe, and as the square of the 
quantity of air passed through it. In the 
condenser with 2,000 tubes, each tube would 


782,213 _ 6.1017, or, 


have to transmit 2,000 x 60 


say, 6.1 cubic feet per minute, and, as the 
pipes are 6 ft. long, the difference of pres- 


sure at the two ends, to overcome the fric- 
tional resistances due to the transmission of 
this quantity, would be 6.176 0.000073 
= 0.01629798, or, say, 0.0163 lb. per sq, in. 
Adding this pressure to that formerly ob- 
tained as necessary to give the required 
velocity of flow, we get 0.0163+0.00916 = 
0.02546 Ib. as the difference between the 
pressures at the two ends of the condenser 
tubes, requisite in order that they may 
transmit the necessary quantity of air. 

This difference of pressure of 0.02546 lb. 
per sq. in. is the pressure against which the 
fan—or other blowing apparatus employed 
to supply air to the condenser—would have 
to deliver the air; and the net-work done 
by the fan will be the same as if the whole 
weight of air was raised to a height equal 
to that of a column of air of uniform dens- 
ity which would give the same pressure per 
sq. in. on its base as that against which 
the fan has to deliver. At the temiperature 
of 62° the height of a column of air giving 
a pressure of 1 lb. per sq. in. on its base, is 
1,892 ft., and the height corresponding to a 
pressure of 0.02546 lb. per sq. in. is thus 
1,892 x 0.02546 = 48.17032, or, say, 48.2 ft. 
The total weight of air passed through the 
condenser per hour being 55,721.5 lb., the 
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work to be done by the fan will amount to 


ae o 
DOP TD XAS2 — 44.762.9 ft-lb. per min, 
This, it must be remembered, is the net 
amount of work performed by the fan, as 
measured by the quantity of air delivered, 
and it will form, probably, not more than 
60 per cent. of the power required to drive 
the fan, and consequently taken from the 
engine. Taking the effective duty of the 
fan as equal to 60 per cent. of the power ap- 
44,763 X 100 

— 


plied to it, we should thus have 


= 74,605 ft.-lb. of work per minute, or 2.26 
horse power absorbed in driving the fan, an 
amount probably equal to quite one-eighth 
of the total indicated power developed by 
the engine. 

If, in place of 2,000 tubes 6 ft. long, 
3,000 tubes 4 ft. long were used in the con- 
denser, the power required to work the fan 
would no doubt be very considerably reduced, 
but it is unnecessary that we should do more 
than point out this fact here. Quite apart 
from the power absorbed in driving the fan 
the air-surface condenser is rendered unfit 
for application to a portable engine by rea- 
son of its cumbrousness, and there are real- 
ly but very few situations in which it can 
be applied to engines of any class with ad- 
vantage. So far as we are aware the only 
method of increasing the efficiency of con- 
densers of this class is by moistening the air 
either by the injection of spray or other 
means, or by causing the cooling surface to 
be traversed by a thin film of water, as has 
been successfully done in some instances. 


RESISTANCE OF ARMOR PLATES. 


From a paper by Wm. Fatrsarrn, C. E., LL. D., 
F. R. S., read before the Institute of Naval Ar- 
chitects, March 18, 1869, and the ensuing dis- 
cussion. 

After a brief statement of the progress of 
marine iron constructions from 1836 to the 
present time, the paper stated that shortly 
after the appointment of the Iron-plate Com- 
mittee, guns of different calibers were em- 
ployed in the experiments, from the wall 
piece .87 in. bore and 5} oz. of shot, to the 
600-pounder breech-loader. The experiments 
commenced in May, 1861, with the wall piece 
and the smaller description of guns, and fin- 
ished with the more powerful description of 
ordnance in 1864, when the committee was 
dissolved. During the continuance of the 
gun experiments, it was considered necessary 
that a similar class of experiments by stati- 
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eal pressure should be conducted on the same 
plates and targets, previously experimented 
upon in their resistance to impact by shot, 
the object being to determine the law of re-| 
sistance of armor plates, and to establish 
formule for the guidance of the artillerist 
and engineer. Experiments were also made 
on shearing, tension, compression, &c., and 
the results obtained showed the density, te- 
nacity, &c., of four different specimens—cut 
from the armor plate, one of which was of 
steel. The first series of experiments was 
instituted to ascertain the tenacity, elasticity 
and ductility of the plates from different 
makers, and to ascertain what changes and 
improvements were required to give the 
maximum power of resistance. The result 
of these experiments is given in the follow- 
ing table : 
TABLE I.—On Tensile Strain. 


per sq. inch in tons, 
of length section done 
in causing rupture, in 
ft. lb. 


of plates in inches. 
unit of length. 





Mean density of plates. 
Mean breaking strain 
Mean elongation per 
Mean work uw, for unity 
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24.453 | .1769 4,844 
25.169 | .3703 7,620 
24.569 | .2658 7,314 
25.031 | .2689 7,538 


7.7471 
7.7684 
7.7660 
7-7666 
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The second series of experiments was upon 
compression, yielding the following results: 


TABLE IIf.—On Compression. 





| 
Approximate Mean ultimate | Mean ultimate 
thickness of plate! pressure per sq. | compression per 
in inches. inch in tons. | unit of length. 





90.967 513 
90.967 518 
90.967 -510 
90.967 511 








The third and most important series of 


experiments was that on punching and shear- | 
eal shot, it was a well known law that if they 


ing. It was supposed that the resistance of 
armor plates to the impact of shot was anal- 
ogous to that produced by statical pressure. 
Under this supposition it was thought desir- 
able to institute a series of experiments to 
ascertain to what extent the law was applica- 
ble to the resistance of iron plates by punch- 
ing, in order to apply it to the more import- 
ant experiments on impact. 


These experi-| 


| 





ments—made with a flat-ended punch—fully 
established the formula that the resistance 
of armor plates to a force tending to perfo- 
rate them, varies as the diameter of the 
punch, multiplied by the thickness of the 
plate or the depth of penetration. 

Another series of experiments with a 
round-ended punch was instituted by the 
Iron-plate Committee for the purpose of 
comparing the resistance of armor plates to 
flat-ended and round-ended projectiles, and 
tables were given to show that the statical 
resistance to punching was about the same 
whether the punch was round-ended or flat- 
ended. The following is the general table 
of comparison : 

is 
rOrt 


| in ao a om > 
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2.663 
3.613 


_ a 


By 
formula. 





of perforation. 


2.820 





Maximum thickness 


By expe- 
riment. 
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1.84 
2.34 
3.45 
3.96 
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1,155 
1,169 
1,166 
1,175 
1,557 





1.50 
3.13 


5.00 
14.00 
16.00 
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6.25 
11.56 
24.81 
40.00 

110.00 
66.25 
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Description of Gun. 








Armstrong 6-pr....... 
Armstrong 12-pr...... 
Armstrong 25-pr... .. 
Armstrong 40-pr.. 
Armstrong 100-pr..... 
Smooth-bore 68-pr.. 


Mr. Scott Russell said, in regard to spheri- 


took a plate of the semi-diameter of the 
spherical shot, it was just equal to the re- 
sistance of the shot. If he took the experi- 
mental column in Fig. 5, and took the semi- 
diameter of the shot as given in the fourth 
column, he saw, on the whole, no great de- 
viation from this law; it seemed to be the sim- 
plest possible expression of it. 1.22 was the 
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semi-diameter of the shot, and 1.28 was the 
maximum thickness of perforation. If he 
took the next figure, 1.46, then the other, 
1.80 was greater; if he took the next, 1.84, 
then 2.35 was greater; and 2.34 was smaller, 
and 2.8 was again greater. These were 
elongated shot. As far as these experiments 
went, it would appear simply thus, that for 
the smaller diameter they might take the 
semi-diameter of the shot as the thickness of 
the plate; but as the diameter became larger 
it required a somewhat thicker plate to resist 
it. That was a summary of the conclusions 
given in the paper. 

Mr. E. J. Reed said this paper had a value 
of a peculiar kind, because it placed before 
the Institution the experimental results ob- 
tained by Mr. Fairbairn in connection with 
the investigations of the Iron-plate Commit- 
tee, which investigations had up to that time 





law to the resistance of the plate to punch- 
ing. With regard to the round-ended punch, 
it was stated in the reading of the paper that 
the work done to perforate a plate by the 
round-ended punch was greater than to per- 
forate it by the flat-ended punch. In per- 
forating armor plates by shot when there was 
the same amount of work residing in the shot, 
the shot with pointed ends did its work with 
more facility than the flat-ended shot; so 
that there did seem to be a very considerable 
contradiction between the different statements 
in the paper. 
HE New Turret Sup “ Captrarn.”— 
The armor-plated twin-screw turret ship 
Captain, built by Messrs. Laird Brothers, of 
Birkenhead, from the designs of Captain 
Coles, as the representative ship of his tur- 
ret system, was recently launched with her 


been a sealed book to the Institution and to|engines on board and completely fitted. 
the public. Several points required expla-|There are two separate pairs of double 
nation. Among others the following: He | trunk engines, each pair driving a separate 
did not quite understand what was meant by | screw propeller 17 ft. in diameter. The 
saying that the indentation was .37 with a| collective force of the engines is 900 horse- 


round-ended punch, and .1 with a flat-ended. | power, nominal. The general construction 


He presumed the undulation was measured of the hull of the Captain is similar to that 
to the innermost point of the punch, and if|of the large armor-clad ships built for her 
so, the comparison between the perforation | Majesty’s navy. 


The turrets, two in num- 
with the flateended and round-ended punch ber, and each carrying two 600-pounder 25 
would be very different to what the figures | ton guns, project through circular openings 
represent. Again, he could not persuade|in the upper deck. The part exposed to 


himself that the first formula written down 
was strictly accurate; that, in point of fact, 
the pressure was entirely proportionate to 
either the thickness of the plate or the in- 
dentation; because if they took the amount 
of foree expended in punching a plate, there 
would be a very great variation in the 
amount of force exerted upon that punch 
during its passage through the plate. He 
thought there would be a great diminution 
of resistance per element of perforation in 
proportion as they approached the inside of 
the plate; in other words, when they got 
nearly through they finished the work much 
more easily than when they commenced it, 
and the formula that P raised twice 7’, left 
that quite out of consideration. 

Mr. Bramwell said he gathered from the 
paper that the experiments in punching plates 
showed the resistance to be directly as the 
diameter multiplied into the thickness of the 
plate. The formula on which they agreed 
put the value of a plate to increase as the 
square of the thickness. If that were so, it 
would seem the resistance of the plate to im- 
pact was very considerably different in its 





shot is covered with armor plates 10 in. 
thick about the ports, and for one-third the 
circumference, and with plates 9 in. thick 
for the remainder, while the lower part and 
all the gearing is protected by 8 in. armor 
on the side of the hull. The height of the 
center of metal of the guns is 12 ft. above 
the water line, which will admit of their 
being fought at sea in very heavy weather. 
The turrets are each 29 ft. external and 22 
ft. 6 in. internal diameter. The low part 
below the armor sheaf is constructed in a 
cellular form, large openings being left for 
entrance and for passing in ammunition ; 
these openings serve also to ventilate and 
light the lower decks. The turrets are sup- 
ported bya strong girder on the lower deck, 
and revolve on a series of cast iron rollers, 
being kept in position by a solid wrought 
iron spindle securely fixed in the deck and 
carried down to the orlop deck ; they are 


| fitted with a complete system of hand-turn- 


ing gear in addition to the steam gear. This 
steam gear is worked by a separate pair of 
engines for each turret placed on the orlop 
deck below the turret, where they are thor- 








532 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





oughly protected from any chance of injury. | 
The gear for starting these engines is so ar-; 
ranged that it may be worked either on the, 
lower deck outside the turret, or by a sys-' 


tem of rods led up through the central spin- 


not to a commercial company, there can be 
no doubt that it would be more useful to the 
Greek nation, and would not cost more 
money than a fleet of iron clads to drive the 
Ottoman fleet out of the Archipelago, for 


dle to the sighting platform by the captain} which the Hellenes are raising subscrip- 


of the turret himself, who can thus take 
aim and direct the guns in the turret.—The 
Engineer. 


ge Sreet Frocs.—The last re- 
port of the chief engineer of the Read- 
ing Railroad says: ‘‘The result of our ex- 
perience with the Wm. Butcher cast steel 
reversible frogs has been very satisfactory. 
Of 73 put down, only one has been remov- 
ed, on account of defects at one end, and 
none have been turned.” 


NOTHER PROPOSED Snip CaANAL.—The 
Greek correspondent of the ‘* London 
Times” writes: ‘The project of cutting a 
canal through the Isthmus of Corinth has 
been again discussed at Athens, and some 
people here think that circumstances render 
the execution of the enterprise perfectly 
practicable and ultimately useful, even 
should it not be immediately profitable. In 
a few months the work of M. de Lesseps at 
the canal of Suez will be so far completed 
that a number of powerful machines, admir- 
ably suited for work at the Isthmus of 
Corinth, may be obtained at a comparative- 
ly small cost. Skilled workmen will also 
be ready for employment, whose labor could 
be obtained at an expenditure trifling in 
comparison with what Greece would be call- 
ed upon to pay under any other circum- 
stances. No such favorable opportunity of 
constructing a canal through the Isthmus of 
Corinth is ever likely to recur. A glance 
at the map of the Mediterranean shows how 
important such a canal would be for the 
trade of all the ports of France, Italy and 
Austria with Smyrna, Constantinople and 
the Black Sea. The ports at both ends of 
the canal would not require any very great 
expenditure, and the canal, if made, could 
be kept open at very little cost. Its length 
would be three miles and three-quarters, but 
there is an elevated plain of limestone 
through which it must be carried that rises 
to an elevation of 250 ft. for a length of 
more than a mile. It is calculated that to 
construct a canal 150 ft. broad and 40 ft. 
deep would require the excavation of about 
12,000,000 cubic yards of rock and clay. 
Whether the work would be profitable or 





tions.” 


EFFECTS OF COLD UPON IRON. 


From ‘‘ Engineering.’’ 

All railway experience in those countries 
of which the climate presents extreme ranges 
of temperature has shown that rails break far 
oftener in winter than in summer. It has 
been suggested that the chief reason is that 
the road-bed, being frozen in winter, affords 
no elasticity to the sleepers, the spring of 
the ballast being supposed to afford a high 
protective power. A theory advanced by 
Mr. Colburn in 1863 has gained some accept- 
ance, viz., that all iron is charged, to a 
greater or less extent, within its pores, with 
moisture. It is well known that water may 
be forced, almost in spray, through the walls 
of a hydraulic press cylinder under great 
pressure, and all iron is found to be more or 
less porous when the attempt is made to re- 
tain highly compressed air within vessels 
constructed of that material. It is a ques- 
tion how far the great expansion of zine, tin 
and lead, indeed, of all the more fusible 
metals when heated, is due merely and solely 
to their low cohesive resistance, or to the 
expansion of interstitial moisture acting 
against a comparatively small resistance. 
If moisture be present, as there is every 
reason to believe it is in all iron, its freezing 
will fully account for the failure of iron rails 
in extremely cold weather. 

In 1867 Mr. C. P. Sandberg, Swedish 
Government Inspector for railway materials 
for the railways of his native country, made 
a most important series of experiments upon 
the strength of rails at different tempera- 
tures—ranging from 10° to 84° Fahrenheit. 
To make sure that the question of the com- 
parative rigidity of supports did not affect 
the results, he made his trials upon the 
planed surface of a granite rock, and upon 
which were placed two bearing blocks of 
granite, 4 ft. apart, upon which the trial 
rails were laid. Each rail was tested with 
a falling weight, a 9 ewt. iron ball raised 
progressively to heights varying from 5 ft. 
to 11 ft. The following most important 
table of results fully explains itself, and 
shows how brittle were the rails in extreme 
cold weather as compared with summer heat: 
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THE MARTINI-HENRY RIFLE. 
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’ The question of the military arm of the 
future, which has been so largely discussed in 
England for some months, appears at last 
to be definitely settled by the adoption of a 
rifle bearing the above name. This weapon 
is the joint production of two inventors— 
Mr. Martini and Mr. Henry—the breech 
mechanism of the former and the rifling of 
the latter having been adopted by the Gov- 
ernment. The progressive steps which 
have led to the final selection of this arm 
have been previously referred to. Nine 
breech-loaders were selected from more 
than a hundred which competed, and the 
final arm was selected from these. The arm 
has yet to be tested in practical use by the 
troops, a limited number of which will be 
first supplied with the new rifle. But we 





have no reason to apprehend that this trial 


will not lead to its final and general adop- 
tion in the English army ; indeed, judging 
from the severe tests it has undergone at 
the hands of the Small Arms Committee, 
we should say there was no chance of failure 
on any point. 

The breech mechanism, as adopted, we 
illustrate in our engraving, figs. 1 and 2, from 
which it will be seen that it is extremely 
simple in construction. Fig. 1 shows the 
breech closed with the striker forward, and 
fig 2, the breech open ready for loading. 
The breech block A works on a pin, and 
contains the striker B, surrounded with its 
main spring. This striker is confined in its 
chamber by the hollow screw C. The bot- 
tom of the breech block is slotted to allow 
the end of the tumbler D to engage with 
the striker. The tumbler is mounted on 
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the axis K, which is squared at the point of 
contact with the tumbler, so that as the 
tumbler is raised or depressed the axis 
moves with it and so alters the position of 
an indicator outside the loc«. The hand 
lever G, in its downward movement, serves 
to open the breech and draw back the sriker. 
The tambler moving with the lever engages 
itself on the nose F of the trigger. A fur- 
ther continued downward movement of the 
lever G acts against the inner face of the 
hollow screw U, and causes the breech block 
A to lower itself on its pin as a center. 
The upper part of the lever G is forked, 
and embraces the tumbler as shown at E E, 
fig. 3. As the lever is pressed down, the 
breech block is opened, and, as it moves, 
the tumbler is forced back, drawing back 
the striker, and compressing the main spring 
at the same time, till the nose F of the trig- 
ger engages with the tumbler rest. The 
object of the tumbler rest is to relieve the 
trigger from the whole weight of the tum- 
bler and main spring. As the trigger is 
pressed, its first movement relieves the tum- 
bler from its rest. The whole weight of 
the spring is now on the trigger, and a fur- 
ther pressure releases it. The working of 
the extractor is easily understood from a 
glance at the engraving; but at the same 
time it will be well to remark that the lower 
arm of the extractor H is so shaped that 
the first impact of the breech block with it 
serves to loosen the cartridge case in the 
chamber ; then, as it further descends, the 
motion of the extractor is more rapid, and 
the case is ejected elear of the gun. Fig. 3 
is a transverse section of the breech block 
mechanism through the plane z y, fig. 1. 

In the early patterns of the Martini sys- 
tem an indicating pin was provided at the 
back of the breech block and in the upper 
part of the stock, which projected when the 
arm was cocked. This indicator was work- 
ed by the head of the striker, and as it was 
found to get out of order, another and more 
simple indicator was substituted. As men- 
tioned above, this last improvement is fixed 
on the end of the tumbler axis, and there- 
fore shows exactly the position of the tum- 
bler. In order to obviate any danger that 
might arise through carrying the arm loaded 
and cocked, the committee added a safety 
bolt 8S, which engages with the trigger, and 
prevents it being moved. Other minor im- 
provements have been made, such as light- 
ening the cleaning rod, and modifying the 
shape and position of the sight. 


jhas fully maintained itself to the last. 





The cartridge for this rifle is the inven- 
tion of Mr. Henry, and, as it will be con- 
tained in a central-fire Boxer case, it is 
called the Boxer-Henry cartridge. It is 
450 gauge, the bullet weighing 480 grains, 
and is composed of lead hardened with tin. 
A paper wrapper is placed round the bullet, 
the edges being returned into a slight cavity 
at its base. Pure beeswax is used for lubri- 
cation, and is placed between three discs 
made from jute cardboard. The charge 
consists of eighty-five grains of powder. 
This cartridge is shown in section in the 
barrel of the rifle at fig. 1. 

Turning from the breech mechanism and 
the cartridge to the barrel of the new arm, 
we may observe that it is 35 in. in length, 
and is rifled upon Mr. Henry’s principle, 
shown in section in fig 4. This is known as 
the polygonal system, and is seven-sided. 
Down each angle formed by the intersection 
of the planes of the polygon is a raised rib, 
which is tangential to the same imaginary 
circle as that to which the plane sides of 
the bore are tangential. This form of 
rifling leaves the bore more cylindrical 
than any other, except perhaps the Arm- 
strong many-grooved system. In it what 
Mr. Henry terms a re-entering angle is 
formed, thus affording to the bullet a bear- 
ing at fourteen points instead of seven. The 
pitch of the rifling is one turn in 22 in., the 
caliber being 460 of an inch. The Henry 
barrel has proved itself singularly free from 
fouling, and the excellency of the rifling 
A 
rifle on this principle was fired 3,000 times 
without its accuracy being in the least de- 
gree impaired. With the cartridge above 
described, the Woolwich practice in the 
latest trials has habitually given the un- 
paralleled result of lodging the bullets in a 
square of about 2} ft. at a range of 1,200 
yards.— Mechanics’ Magazine. 


N RaItway BripagEs—Tue Key- 
iN stone BripeGE Co.—The Newport and 
Cincinnati bridge, now in charge of Mr. 
Linville, President of the Keystone Bridge 
Co., has the greatest span of permanent rail- 
way bridge truss on this continent, viz., 420 


ft. The same engineer is erecting an iron 
bridge over the Mississippi. at Keokuk, con- 
sisting of eight spans of 164 ft. 6 in., two 
spans of 250 ft., and a pivot span of 370 ft. 
This bridge is designed for railway and road 
way traffic, the width in the clear being 20 
ft. It is proportioned to carry a rolling 
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load of 3,000 lb. per foot with 6 as a factor 
of safety. 

The Keystone Bridge Co. are erecting 
one of their patent pivot spans of iron, 360 
ft. in length, at Kansas City, the remainder 
of the bridge being of wood, with wrought 
iron lower chords, from the designs of O. 
Chanute, chief engineer. The spans vary 
from 140 to 250 ft. The same company is 
erecting a double track iron bridge for the 
New Jersey R. R. and Trans. Co., at New- 
ark, with two permanent spans of 96 and 
115 ft., and a pivot span of 217 ft. 

The great wooden bridge over the Susque- 
hanna, at Columbia (to replace the one de- 
stroyed after the battle of Gettysburg), con- 
sists of 26 spans of 200 ft. each, one span 
of 150 ft. and two iron spans of 100 ft. each. 
This was designed by Mr. Linville, and 
erected by the same builders—some 6,000 
ft. in length in all—between May and De- 
cember, 1868. Numerous smaller iron 


bridges are building by the same company 
for the Pennsylvania, Fort Wayne and Chi- 
cago, Northern Central and other roads. 
Most of the iron bridges on the Pennsylva- 
nia Railway, and those on the Connecting 
Railway at Philadelphia, were designed by 


Mr. Linville. Several of them are large 
works, such as the iron span of 2623 ft. over 
the Schuylkill. 


EXPERIENCE IN DESIGN. 
From ‘‘ Engineering.”? 


Engineers are frequently called upon to 
design structures, the proper proportions of 
which cannot possibly be determined by any 
process of mathematical investigation, no 
matter how refined or laborious. Under 
such conditions a careful consideration of 
similar works already executed is absolutely 
imperative. The successes attained and the 
defects evinced in many of the works of our 
predecessors afford evidence which it would 
be inexcusable to neglect. ‘‘Scitwm est peri- 
culum ex aliis facere, tibi quid ex usu siet”’ 
is as sound a piece of advice now as it was 
2,000 years ago, and to no one does it more 
forcibly address itself than to the young en- 
gineer. The mathematical training every 
student of engineering now undergoes is 
somewhat apt to give him an excess of con- 
fidence in the exactness of his own deduc- 
tions, little less objectionable in its practical 
effect than the timid and slavish adherence 
to precedent evinced by the proverbial 
practical” man. He is, by the same sys- 





tem of training, led to form a ridiculously 
low estimate of the extent to which the 
most approved practice of the present day 
is indebted to inductive processes. By far 
the larger proportion of the varied problems 
the civil engineer is called upon to entertain 
will be most readily and satisfactorily solved 
by deducing the required result from certain 
data previously arrived at by the process of 
induction. In one respect the science of 
engineering differs from most of the other 
exact sciences, inasmuch as it is seldom ne- 
cessary to investigate any problem extensive- 
ly by induction ; the practically correct, and 
not the theoretically exact, solution is the 
requirement of the engineer, and it is, 
therefore, merely necessary for him to trace 
back sufficiently far to allow of that end 
being attained. Thus, an analysis of expe- 
riments on the transverse strength of beams 
indicated the existence of an element of 
strength dependant upon the form of cross 
section, and varying with the nature of the 
material; and in the same manner the re- 
sistance of long columns has been found in 
practice to be higher than theory indicated. 
In each of these instances it is only neces- 
sary for the engineer to ascertain enough of 
the laws governing the increased resistance 
to enable him to include that element in his 
calculations, and it is not necessary, al- 
though it may be interesting, to ascertain 
the first cause of the anomalies exhibited in 
many of the experiments. 

The structures falling within the province 
of the civil engineer are generally so far 
analogous as to render the ordinary plan of 
procedure by deduction quite justifiable ; 
but with the mechanical engineer it is other- 
wise. The conditions under which his works 
are placed are so involved, and they are so 
often liable to strains of literally indetermi- 
nate amount, that any attempt to generalize 
would be perfectly futile. Thus, given the 
resistance of a cylindrical bar of wrought 
iron toa bending, and also to a twisting 
stress, who could presume from such data to 
deduce the proper proportions and sections 
of the crank shaft of an inside cylinder lo- 
comotive? It would be necessary to elimi- 
nate the bending stress, and that alone 
would be made up of the several elements 
due to the reaction of the driving wheel 
springs on the roughest portions of the line, 
of. lateral blows on the flanges of the wheels, 
of the steam pressure on the piston, and of 
the vis viva of the gear and the crank shaft 
itself. When we consider the form of the 
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member which has to sustain these constant- 
ly varying stresses, in conjunction with tor- 
sional and other strains, it is very apparent 
that the necessary section and the most 
economic distribution of the material could 
only be arrived at by a strictly inductive 
process. Who, again, could attempt to 
compute the section of tyre desirable for 
the driving wheels of the same engine, and 
yet the practical identity of the proportions 
adopted by the different makers in this and 
in other countries, both for the tyre and the 
crank shaft, clearly prove that these appar- 
ently indeterminate problems have been 
solved by induction with as much exactness 
as the tensional strength of a two inch 
square bar may be arrived at by deduction 
from that of an inch square bar. These 
considerations should prove reassuring to 
the civil engineer when confronted with 
problems of more than average intricacy. 

Complex formulz are rarely resorted to 
by experienced practical men, the reason for 
which will probably be found in the fact 
that too great attention to minutia in the 
calculations is apt to make a man ima- 
gine that the chief portion of his work is 
accomplished when he has solved the prob- 
lems relating to strains in the structure, and 
so induce him to overlook some apparently 
trifling practical detail, the neglect of 
which might, after all, be of sufficient 
moment to cause his work to be classified as 
a warning rather than as an example. No 
intelligent engineer, when designing a com- 
plicated structure, hesitates to throw over 
entirely his theoretical deductions, should 
the proportions thus determined appear un- 
satisfactory to the eye, because experience 
has taught him that, in nine cases out of 
ten, the discrepancy between the proportions 
deduced and those anticipated is due to the 
falseness of the hypothesis upon which the 
theoretical conclusions were based, and not 
to any error of judgment in that very trust- 
worthy guide—the experienced eye. 

We doubt whether that historical faux 
pas, the continuous fish-bellied rail, is justly 
credited to a member of our profession. 
We think the idea must have originated 
with some worthy mathematician, who fond- 
ly imagined that perfection was approached 
in exact proportion to the number of deci- 
mal places in his calculated ordinates. A 
purely practical man would, we feel sure, 
have instinctively rejected the pseudo- 
scientific form, although he may not 
have been able to point out the error in 


| 





‘the hypothesis to which the vicious result 


was due. 

Many other instances might be cited 
where purely theoretical deductions are 
equally at fault; as a case in point we may 
refer briefly to the bracing of a bow-string 
bridge. Numerous and elaborate formulz 
are to be found in French and German text 
books, professing to define the exact value 
of the maximum strain occurring upon each 
tie and strut under the passage of a moving 
load, but unfortunately in nearly every in- 
stance these formulz are based upon the 
hypothesis that the system is perfectly rigid, 
or, in other words, that the length of each 
member of the bridge will remain constant 
under every degree of strain. Now we 
know that some deflection must necessarily 
follow the application of each successive in- 
crement of load, however small, and we 
know also that such deflection could not 
take place unless the length of every mem- 
ber in the bridge differed, plus or minus, 
from its original amount. This of course is 
due to the elasticity of the material, and 
the complicating conditions thus introduced 
are so embarrassing, varying as they do with 
the relative sectional areas of arched rib, 
tie, and bracing at each portion of the 
length, that it would be an almost endless 
task to deduce the exact mathematical value 
of the maximum strain occurring upon each 
member of a bowstring bridge under a roll- 
ing load of known intensity. No intelligent 
engineer wastes his time in the investigation 
of such problems, because he knows that 
after all the result of his labor would be of 
no practical value. 

It would have been assumed that the 
whole of the metal in the bridge was in a 
state of molecular equilibrium in the ab- 
sence of any external stress, or else that 
certain members were subjected to initial 
strains of known intensity. To enable the 
first hypothesis to obtain, the bars and plates 
would all have to be of precisely the requir- 
ed length, and accurately fitting, whereas in 
practice we know that in the process of rivet- 
ing one bar would be drawn up tight, whilst 
probably the adjacent one would be quite 
slack, or even present a permanent lateral 
curvature. Or, again, in putting the girder 
together it may have been necessary to 
‘draw out” one of the ties to make it fit 
into its place, and, probably enough, it 
would have been riveted up when quite hot; 
but this apparently trifling, and certainly 
unavoidable, practical contingency would be 
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sufficient in many instances to augment the 
laboriously deduced theoretical strain as 
much as 90 per cent. If cotters were in- 
troduced, either for the purpose of securing 
uniform or initial strain, the value of the 
result would be entirely dependent upon the 
intelligence of the men entrusted with the 
cottering up; and with the best arrange- 
ments the degree of uncertainty would be 
little less than the previous instance. It is 
quite possible to obtain, by mere inspection, 
the strains on the several members of a 
bowstring bridge within 25 per cent. of the 
amount which would be given by the most 
elaborate mathematical analysis; conse- 
quently, remembering that it is impossible 
to make sure in practice of approximating 
even within 50 per cent. to the exactly de- 
duced result, we think the adoption of an 
elaborate method of calculation for the 
minor members of a bowstring bridge, and 
for similar reasons for the strains upon an 
almost infinite variety of other structures 
also, only serves to prove that the conditions 
of the problems are imperfectly appreciated 
by those attempting to solve them. 


HORSE POWER. 


From a paper read by J. 8S. Holland, C. E., R.N., 
Assoc. I. N. A., before the Institution of Naval 
Architects. 

The principal use of the steam engine at 
its first introduction was to pump water out 
of mines; it easily followed that the new 
engine should be compared with horses then 
in use for pumping, hence the term horse 
power of an engine. Watt would undertake 
to make an engine do the work of so many 
horses. Being generous he considered that 
a horse could raise 33,000 lb. one foot high 
in a minute; he fixed upon that for his 
horse power. And although he knew that 
‘the mean pressure per square inch of his 
piston would be more than 7 lb., he, toavoid 
all cavil with his customers, generously fixed 
upon 7 lb. as one of his facturs in calculat- 
ing horse power. 

Knowing that a long stroke engine could 
work easier at a high velocity than a short 
stroke, he formed for himself a table of ve- 
locities of pistons for various strokes, and, 
at the time, it was formed on sound princi- 
ples. So far as marine engines are concern- 
ed that table has long been obsolete. The 
7 Ib. are still retained, but the engineer is 
allowed to fix his own velocity of piston in 
his tender on negotiation with the shipowner. 





This brings me to the subject of this paper. 
It is the false statement in the tender that 
I object to. Let us see what takes place at 
the beginning of a pair of marine engines, 
Assume that after every consideration has 
been given to the subject, a power of 6,000 
horses will have to be developed. He cal- 
culates what he can do in the way of pres- 
sure on the piston, he then fixes his velocity, 
which being determined, the diameter of 
cylinder follows as a matter of course; he 
then determines the firegrate and heating 
surface of his boiler, and the work is done. 
All this time he has never thought of such 
a thing as nominal horse power. Yet there 
is something else to be done. If the ship- 
owner likes to have his engines working up 
to six times their nominal horse power, 
clearly there is nothing left for the engineer 
but to christen his engines 1,000 nominal 
horse power, and if the shipowner likes to 
be cheated a little more you have only to 
christen the engines 600 nominal horse 
power, and you have ten times the nominal 
horse power. You may accommodate the 
shipowner to any extent, but you must not 
tamper with the power to be indicated. 

A case is now before me. An engineer 
stated in his tender that the revolutions 
would be 44 per minute, in working they 
went more than 88 per minute, the pressure 
was about 22 lb. Now, the pressure being 
over three times the nominal and the velo- 
city twice, he counted over six times the 
nominal horse power, and was patted on the 
back accordingly. If we are to have nomi- 
nal horse power retained, we must stick to 
the old 7 lb. and reckon fairly and honestly 
the velocity expected. Then, if the engi- 
neer has made no blunder the engines will 
move very near the expected velocity, and 
if they do and give out three times the 
nominal power, we know that there was a 
pressure of about 21 lb. In the case I have 
named the engineer knew well that his en- 
gines would go 88 revolutions ; he made 
his screw and his boilers to suit the num- 
ber of revolutions. The question may be 
asked, why did he give forty-four revo- 
lutions? The answer is plain enough: 
there is a demand in the market for engines 
that, under one pretence or another, can be 
said to have contained their nominal horse 
power so many times in their indicated pow- 
er, and where there is a demand there will 
always be a supply. It is against this prac- 
tice I enter my protest. 

If shipowners and shipbuilders knew the 
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contents of this paper, we would have little 
more chuckling of six, seven, or ten times 
the nominal power. If nominal horse power 
is to be retained let the pressure be still 7 
Ib. ; let the engineer state fairly his expect- 
ed velocity, and let credit be given to him 
for getting as much pressure into his cylin- 
der as he can from a given boiler pressure. 
and for coming near to his predicted velo- 
city. 

Xs for nominal high pressure there is no 
such thing. As it would be better to keep 
nominal power and indicated power as wide 
apart as possible, I would propose that what 
is very nearly an average, 10 lb., should be 
taken as the mean pressure. Nominal horse 
power has been called a commercial mea- 
sure. If it ever was, it is no such thing 
now. Engineers know nothing about it ; 
they are required to produce so much effec- 
tive power, and they set about to do it. It 
will weigh so much, cost so much, and they 
make up their accounts. 

I propose to abolish the term nominal 
horse power altogether; it is not only use- 
less, but pernicious. Shipbuilders are not 


called on to make vessels carry six or ten 
times their nominal tonnage, and, I ask, 
why should not engineers be allowed to be 


put on an equality with them, and have the 
privilege of calling a spade a spade ? 


RAILWAY FERRIES. 


From a paper read before the Institution of Naval 
Architects, by J. Scott Russell, Esq., F. R. 8. 
One of the great unsolved problems of 

modern engineering is to complete the want- 

ing links of European railway communica- 
tion by joining Dover to Calais. That is 
the missing link in the unity of European 
civilization. It is also the missing link in 
material commerce. Railway trains laden 
with the wealth of nations run smoothly 
down to the banks of the sea on either side, 
and are there abruptly stopped — rudely 
broken up—their contents strewed over the 
quays—craned and laden into ships—un- 
craned and unladen on the other side— 
again stowed on wagons before they can con- 
tinue their second railway journey, and 
thus, on a short sea gap of some 20 miles, 
endure more delay, undergo more wear and 
tear, and cost more money than on a hun- 
dred miles of railway. | 

_ That which is merely wasteful and costly 

in the transport of material merchandise, 

becomes degrading and barbarous when ap- 





plied to human beings. The transport of 
civilized human beings between the king- 
dom of Great Britain and the empire of 
France is disgraceful to two civilized na- 
tions. The traffic of human beings between 
Calais and Dover frequently exemplifies 
some of the worst features which have been 
pictured of the African slave trade. We 
are told of 150 negroes huddled under the 
decks of a ship where they have not even 
room to lie down—where the air is pestifer- 
ous—where human beings are willing almost 
to throw themselves overboard to escape a 
state of existence that has become intoler- 
able. What we have seen between Calais 
and Dover is, a hundred, or a couple of hun- 
dred, civilized human beings, citizens of re- 
fined communities, systematically huddled 
under decks, where there was neither room 
for comfort, rest, ventilation, cleanliness, 
nor health. We have seen fifty delicate, 
refined women crammed into a cell where 
they had just room to sit jammed together 
on the floor. Just before starting a benevo- 
lent stewardess placed on the knees of each 
a convenient basin, and, a few minutes later, 
an anxious husband, descending from the 
wet deck to inquire after the welfare of his 
delicate wife, found it hard to endure the 
close, confined atmosphere to which, never- 
theless, he was obliged to abandon her. 
Which of us has not passed over this pur- 
gatory without meeting some intelligent 
foreigner who swore that never again would 
he pay such a penalty for visiting England, 
and never would he counsel man or woman 
of his acquaintance to undergo the miseries 
and humiliation of this miserable passage 
over the sea channel! 

In truth, this great international commu- 
nication between Europe and England is a 
degradation to all who endure it—a disgrace 
to three great railway companies—a blot on 
the administration of a great Emperor ; and 
when we think ourselves the most practical 
nation in the world, we are really perpetu- 
ating a great arterial system of communica- 
tion which is barbarous and thoroughly un- 
practical. 

It is well, therefore, to consider, in this 
meeting of naval architects and marine en- 
gineers, whether this state of international 
communication arises from any impossibility 


|or impracticability standing in the way of 


expeditious, comfortable, and economical 
means of railway transport over the sea, or 
whether the causes are moral, financial, or 
intellectual incapacity in those who have the 
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duty and responsibility of providing this 
public highway. 

First, therefore, I may state that it is not 
the fault of engineers and naval architects 
that the public does not now enjoy the ad- 
vantage of a railway across the sea. More 
than three years ago an association of Eng- 
lishmen was formed to carry railway trains 
across the sea between Calais and Dover. 
Of this association Mr. Fowler was the civil 
engineer and I was the naval architect. All 
the measures which a private association of 
individuals could take for giving to our na- 
tion and other nations a civilized commu- 
nication were taken. Neither pains nor 
time were spared, and large sums of money 
were spent in making every preparation for 
giving the public this benefit. Unluckily 
we had to deal with an apathetic public, and 
with railway companies already in posses- 
sion of the ground, with rival interests and 
disordered finances. The same bad political 
economy which has abandoned the public 
works of England to private speculation 
rendered it impossible for this work to be 
then achieved, except through the co-opera- 
tion of railways in a state of war and dilapi- 
dation. “But the technical work had been 
thoroughly done. The harbors on both 
sides had been surveyed, and the working 
plans completed by Mr. Fowler; the de- 
signs of the ships to carry the railway trains 
across the sea had been completed by my- 
self, and there, on the table, is the model 
on which they were to be built. The Act 
of Parliament was applied for, the money 
for all the expenses was found, and it was 
not the blame of engineer and naval archi- 
tect that the thing was not then begun, and 
now done ; there were no engineering diffi- 
culties not then solved. 

I am now to have the pleasure of bring- 
ing before you, not the proposed plan for 
bridging the sea between Calais and Dover, 
but a similar undertaking which has been 
executed, and which is now in successful 
operation across a sea on a smaller scale. 
The channel between Dover and Calais is 
20 miles, and the sea of Bodan is at most 
10 miles to 12 miles broad. There is the 
same difficulty of shallow water and narrow 
harbor entrance as at Calais, but extreme 
low water is rather shallower, and the har- 
bor entrance narrower than at Calais. Of 
course there is no Atlantic wave, and no 
ocean ground swells, and therefore no low, 
long swelling bas vis, and, consequently, 
neyer in the worst storm the great motion 





of our seas. But there is, to an even greater 
extent than on the Channel, the sharp, short, 
breaking wave, which is both more danger- 
ous and inconvenient than the long low 
swell; there is the terrific hurricane that 
swells down from the Alps, and which is 
probably not inferior in strength to a heavy 
Atlantic gale, and there are quite as many 
days in the year when no steamer can ven- 
ture across the sea of Bodan, as when no 
steamer can cross the Channel. I think, 
therefore, the sea of Bodan is a fair scale on 
which to test a plan for conveying trains 
across the sea. Take it as half the distance 
with waves half the size, wind half the 
strength, harbor entrances half the width, 
and a steamer half the length, and it will 
probably be considered as fair an experi- 
ment as can be tried. 

The peculiar circumstances of this case 
are such as to present many difficulties, 
which need not be presented either at Dover 
or Calais. At Dover there is plenty of 
water; at Calais there is means of getting 
as much water as can be wanted, and an 
Emperor who has cut his way through the 
Isthmus of Suez can easily dredge a little 
sand out of the entrance to Calais; but on 
both sides of the sea of Bodan the water is 
shallow, while in the middle it is deeper 
than the Channel. 

The entrance to the harbors in this lake 
is less than 100 ft. of clear width, and one 
of them is so narrow inside as to be only 
two ships’ lengths. The ports, therefore, 
present greater difficulties than Dover and 
Calais; but there are no tides; that is to 
say, no daily rise and fall of the water; 
nevertheless there are periods of rise and 
fall of 10 ft., or, again, about half the or- 
dinary ranges between Calais and Dover. 

The Sea of Bodan, or Bojan Sea, or Lake 
of Constance, is an inland fresh water lake, 
60 miles long and 10 to 12 miles wide. It 
separates Switzerland from Austria, Bava- 
ria, Wiirtemberg, and North Germany, all 
of which have railway communication with 
Switzerland, and through Switzerland with 
central and southern France, which is cut 
off short and stops abruptly on the shores 
of this lake, and this natural barrier of the 
lake is prolonged right down into Italy by 
the impassable Alps. The railway trains 
which last year fed France from the corn- 
fields of Hungary, carried a continual stream 
of grain across Switzerland into France ; 
but on the edge of this lake all this traffic 
was stopped—all the grain that might have 
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passed right through in a wagon, from Pesth 
to Lyons, had to be unladen from one set of 
wagons at Lindau, in Bavaria, or Friedrich- 
shafen, in Wiirtemberg, shipped into steam- 
ers or barges, unshipped on the other side, 
and reladen into a new set of wagons. The 
cost and delay of this system, the accumu- 
lation of empty or laden wagons on both 
sides, the army of men for moving the sacks 
from ship to land, and from land to wagon, 
the accumulation of sacks on quays and un- 
der sheds, caused a hindrance, an inconve- 
nience, and an expense, to avoid which many 
preferred to send their wares a long way 
round. 

The impediment for passengers across the 
Bodan Sea was similar to that between Cal- 
ais and Dover, although the accommodation 
for passengers on both sides presents those 
facilities which have only quite recently 
been introduced-in our harbors, for on both 
sides of the lake the Swiss and German 
trains convey the passengers alongside the 
quay at which the steamers lie, and the pas- 
sengers present to the companies this advan- 
tage over goods, that they are able to tran- 
ship themselves at their own inconvenience 
only. 

Under these circumstances I was asked 
by M. Boller, an eminent Swiss engineer, 
and M. Schweizer, an able Swiss railway 
director, whether I would undertake to de- 
sign a communication across the Sea of Bo- 
dan by which railway trains and locomotive 
engines should pass continually over the sea 
without interruption, and without change of 
carriage, so that a bale of goods, or a pas- 
senger, placed in a carriage in Switzerland, 
or in Germany, should pass right through 
from Vienna, Munich, Stuttgardt, Dresden, 
or Berlin to Zurich, Lucerne, Bale, Geneva, 
Lyons, Marseilles, or Paris, or contrary wise 
to it. It was also a condition that I should, 
if possible, employ no steam engines, ma- 
chinery, or power of any kind in the trans- 
fer, except the ordinary locomotive engines 
employed in dragging the train ; in short, I 
was asked to make an international commu- 
nication across this sea as continuous and 
unbroken as between two stations on land. 

This I have now accomplished, and after 
frequent preliminary trials it is now doing 
its daily work of railway communication. 
It takes trains of 14 to 16 laden wagons at 
one time. The wagons weigh 70 to 80 tons, 
their contents 150 tons ; they make the pass- 
age from harbor to harbor in from forty to 
fifty-five minutes, the difference being the 





index of the severity of the weather. The 
cost of the goods per ton per mile, varying 
with the quantity on board, is from three 
farthings to five farthings, including interest 
on capital, depreciations, and repairs. A 
locomotive engine on one side places the 
train on board; a locomotive engine on the 
other side takes it out. No peculiarity is 
required in the engine nor in the mode of 
working it. No peculiarity is required in 
the wagons, carriages, their brakes, or their 
construction. The embarkation of a com- 
plete train occupies five minutes, its debark- 
ation five minutes. All the practical diffi- 
culties which were anticipated and feared 
have disappeared with the actual facts, and 
that which was pronounced as so many new 
or impossible enterprises is now acknowl- 
edged to be “ kinderspile,” or child’s play. 
Indeed, now that it is done, the thing seems 
so obvious and simple that on returning 
home across the English Channel by the 
Straits of Dover, I was totally at a loss to 
conceive the reasons which could induce the 
intelligent English people and the great 
French nation to continue to endure the 
evils of this barbarous passage across the 
sea, while little Switzerland and little Wiir- 
temberg had provided for a less sea a con- 
venient and unbroken highway. 

I will now shortly describe the means by 
which this railway passage over Lake Con- 
stance is accomplished. The Swiss railway 
which passes from Zurich to Romanshorn, 


lon the Bodensee, is called the Nord-oest- 


bahn. On the opposite side the German 
railway terminates in Friedrichshafen, and 
is one of the royal Wiirtemberg lines, con- 
structed and worked by the State. Both 
harbors are so shallow that 6 ft. is the max- 
imum draught of water given for the ship. 
To carry the prescribed load of 14 to 16 
carriages, two lines of railway are necessary 
on the ship throughout the length of 220 ft. 
For this purpose alone 22 ft. of breadth are 
necessary, and as engines and boilers have’ 
to be placed on both sides of the railway, 
the ship has a breadth of nearly 40 ft. with- 
out the paddle-wheels, which being each 
some 10 ft. wide, the boat over all has a 
width of 60 ft. 

The vessel itself, standing in its place in 
the harbor, appears to form a railway sta- 
tion, the land lines of railway being con- 
tinued straight on throughout the length of 
the ship. The vessel has two decks, one 
below the railway train and the other above 
it. The upper deck forms a great part of 
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the strength of the ship; double sides of|able steerage of 30 deg. each way to direct 
iron plate connect the upper with the lower | the ship, and her captain found no difficulty 
deck, and convert the whole body of the ‘i in entering the harbor and placing the ship. 
ship into an iron girder 25 ft. deep at the | There is another result of the arrange- 
centre, a construction which gives great ‘ment of engines adopted in this case, which 
strength to the body. The upper deck isihas proved of the highest practical value. 
the working deck of the vessel, from which | Each wheel has a pair of oscillating engines 
the captain commands the engines, and{similar to those of the Great Eastern. [ 
where there are also two steering wheels for |designed the paddle-wheel engines of the 
the pilots. There is a rudder at each end, ;Great Eastern so as to be able, like these, 
so as to save the trouble of turning in the to work each paddle-wheel independently of 
narrow harbors. Each paddle- -wheel can be | the other, and the result has proved, in this 
worked independently of the other, and | instance, to be of great importance. When 
each has two steam engines, so as to work |large vessels come into shallow water they 
readily and quickly, the four steam engines |are well known to steer wild, and their rud- 
making up 200 horse power to propel a ship ders cease to control their movements; by 


| 


of 1,600 tons. The upper deck does not | 


ithe prompt action of the independent pad- 


extend quite to the ends of the boat, so that | dle-wheels, which can be made to revolve 


passengers in carriages occupying the ends 
are left free to enjoy the Alpine scenery 
without leaving their carriages, and those 
who prefer a change, find on the elevated 
deck a fine weather promenade. 

The difficulty of uniting this ship to the 
railways on either side, so that the trains 
can run on and run off without the aid of 
any steam engines or machinery beyond 
their own locomotives, is overcome by means 
of a bridge in the air, suspended by heavy 
weights, capable of adjustment to the rise 
and fall of the water; and there is in the 
vessel a further provision to lower or raise 
her own extremities through a range of five 
or six feet, so as to diminish the inconve- 
niences of the varying water level. There 
are, moreover, in the ship self-moving cap- 
stans, by which the engines can perform any 
exceptional manipulation that may be re- 
quired either for the railway trains or the 
ship itself. 

It is by this combination of all these con- 
trivances that a navigation, which would 
otherwise have been impossible, bas been 
rendered easy and certain. These rudders 
and the two independent pairs of engines 
are an invaluable security against accidents, 
for one rudder being damaged, or its steer- 
ing gear broken, an independent steering 
apparatus is ready for immediate use. In 
ease of accident to either engine, or 
either paddle-wheel, the other wheel with 
its pair of engines is ready without a mo- 
ment’s delay to continue the voyage, and 
this experience has already been obtained, 
and the ship has performed a trip in less 
than an hour with one wheel and its engines; 
15 deg. of the rudder were found sufficient 
to steer a straight course, leaving an avail- 





either in opposite directions, or in the same 
direction, one fast or one slow, or one alto- 
gether stopped, there is no evolution per- 
formable by a rudder which cannot be 
quicker and more handily done by the 
wheels alone, and this paddle-wheel steer- 
age in shallow water, and in the entrances 
of harbors, has this great advantage, that it 
ean be performed without way on the ship, 
or with as little speed as you choose. 

For this particular case steerage by wheels 
has been found of greater value, and I dwell 
on it because there are some difficulties in 
the way of its successful execution. The 
engines must be contrived, as those of the 
Great Eastern were, for prompt reversal; a 
code of signals must be contrived so that at 
the same moment the captain can give dif- 
ferent or contrary orders to the engineers of 
opposite engines ; not only so, but the code 
of orders, to be successful, must give more 
precise instructions to the engineer than are 
commonly given. The contrivance of this 
code and its use require superior intelli- 
gence in the captain and in the engineers ; 
but the result has been found to be well worth 
the pains. The captain has a conning plat- 
form in the centre of the upper deck, and 
thence a speaking tube to each engine-room; 
each engine-room has also an index which 
shows the engineer of one what the other is 
doing. The captain has also two indices on 
deck which show him what each engine is 
doing, and so the captain and his two engi- 
neers are always at one, and thus a mistake 
is no sooner made than seen and remedied. 

With a proper code of signals and the ar- 
rangement I have described, an intelligent 
sailor will readily see that he can do every- 
thing he wants; he can reverse the course 
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of his ship in four, three, or two minutes, 
according as he uses both engines—one 
standing, or one reversed. When at rest, 
he can revolve on a pivot without moving; 
and when he wishes to run on a circular are, 
he has only to order the right number of 
revolutions to be made with the outer wheel, 
and a smaller number to be made with the 
inner wheel, and the curve is described as 
accurately on the water as with a pair of 
compasses on a sheet of paper. To steer 
straight without a rudder is performed by 
each engineer watching the index of revolu- 
tions of the other engine, which is close to 
the handle governing his own, and with an 
occasional hint from the captain. After a 
a little experience this becomes quite easy. 

As to the manceuvering of the trains and 
placing them on the ship, the arrangements 
are so simple that all difficulty has disap- 
peared; and whereas it was supposed that 
sufficient experience might only be gained 
after serious accidents, the experience has 
been gained and the daily work proceeds 
without accident. No locomotive engine— 
not even an empty wagon—has been sent 
into the sea—events confidently expected. 
Carriages intended to cross the sea are left 
at the siding which leads to the ship. The 


locomotive engine which does the work of 
the station goes behind this train and pushes 
it on to the ship, one half on one side, and 
the other half by a second line on to the 


other side. The common brakes of the train 
and of the engine suffice for all the manipu- 
lation of the train, and there are special 
means in the ship herself to prevent the 
trains at sea from fetching way. In prac- 
tice the locomotive engines do not cross with 
the trains, for the Germans prefer their en- 
gines and the Swiss theirs. Only carriages 
and wagons go right through, and instead of 
30 tons of locomotive, 10 tons of carriage, 
and 20 tons of goods more profitably occupy 
its place. 

I trust this verbal description, together 
with the official plans from which the ship 
was built, will give a sufficient idea of the 
manner in which the crossing the Straits of 
Dover may be safely undertaken and suc- 
cessfully executed ; some of the difficulties 
are greater, and some are less. There is 
deep water at Dover, and Calais can be 
easily deepened. The boats must be twice 
as long, and can be made twice as fast. 
Suspended bridges can easily be thrown 
from the land to the ship, as I have done; 
but with the changes necessary to the great- 





er and continued variations of the tidal 
waters. In these larger and faster ships 
there can be room, comfort and ventilation, 
and, if built with the proper kind of stabil- 
ity, sea-sickness will nearly disappear. The 
comfort of taking your bed-carriage in Lon- 
don, and not having to leave it till you 
awaken in Paris, need not be enforced, and 
the economy and expedition which must 
arise from sending goods right through to 
their destination without change of carriage 
or wagon is thoroughly appreciated by all 
merchants and shippers. That the trade of 
Europe with England would enormously in- 
erease who can doubt. and the mails of In- 
dia would reach Brindisi or Marseilles in 
the same carriages in which they would be 
stowed by the post-office officials of St. Mar- 
tin’s-le-Grand. The question as it stands is, 
therefore, whether patient Englishmen will 
remain quietly content that the communica- 
tions of their railway traffic between Eng- 
land and all Europe should continue in their 
present condition of barbarism. 

In conclusion, I must say that it is not 
me the English people have to thank for 
having made this experiment for them, to 
show them the practical way of continuing 
railway traffic over a wide sea on a large scale. 
I have already said that the problem was 
proposed to me by M. Schweizer and M. 
Koller, and not by me to them. The plan 
was first practically taken up by the Presi- 
dent Escher and the Direction of the Nord- 
ostbahn, a railway managed and made by 
the Swiss, completed and set to work on less 
than its estimated capital, and in conse- 
quence of the wisdom, economy and purity 
of its management, now paying its share- 
holders a steady eight per cent. The pro- 
posal on their representation was willingly 
accepted by the Government of the small 
kingdom of Wiirtemberg, which has confer- 
red on its people, by economical state man- 
agement, a complete network of railways, at 
very small cost. These two bodies under- 
took to carry through this improved commu- 
nication for their mutual benefit, and its 
management and government is now incor- 
porated with that of the railways. Having 
previously built an iron ship, which has for 
twenty years done satisfactory duty on the 
same lake, I was asked to prepare the plans 
of a ship which should fulfil all the condi- 
tions of speed, safety, and manageability, 
which the circumstances required, and also 
of the works on land necessary to commu- 
nicate with the ship. These plans of the 
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ship, when prepared, were sent for public 
tender to several of the best firms in Eng- 
land, Scotland, France, Germany, and Swit- 
zerland, and it was intimated to them that 
if they chose to send in a design of any ship 
better, safer, or more economical, on a plan 
of their own, such a plan should have a pre- 
ference over my own. The result was the 
acceptance of a tender by Messrs. Escher, 
Wyss & Co., of Zurich—a firm which, in 
the third generation, enjoys a high reputa- 
tion for having covered the lakes of Switzer- 
land with excellent steamships. They or- 
dered the iron for the ship from the Creusot 
Ironworks in France, the pumps from Ber- 
lin, the capstans, anchors, and cables from 
England, and their performance of their 
contract has been accepted as satisfactory. 
The works on the land at Romanshorn were 
executed under the direction of M. Seits, 
the resident éngineer of the Nordostbahn, 
and those at Friedrichshafen under the di- 
rection of chief engineers and architects 
Brockman, Binden and Grund. 


HE Fisu-Jornt.—It is generally known 
that the original fish-joint, as shown in 
figs. 1 and 4, was invented by Mr. W. 


Bridges Adams, of London, and patented 
by Adams and Richardson. It is not gene- 
rally known that this excellent device, as at 
present used (figs. 2 and 3), was developed 
by Mr. Peter Ashcroft, engineer of the 
South-Eastern Railway. Mr. Asheroft’s 












































claims are thus set forth in a recent letter 
of his to Mr. R. Rice Williams, and publish- 
ed in “* The Engineer ”’: 


Sourn-Eastern Rattway. ENGINEER’s ; 
Orrice, March 10th, 1869. 

My Dear Sir: In reply to your inquiries respect- 
ing the origin of the fish-joint used on railways, I 
beg to say that Mr. W. B. Adams properly describes 
the title of the patent as about the period referred 
to, viz., 1849-50. I was then and previously su- 
perintendent of the way and works of the then 
Eastern Counties Railway. When the fish-plate or 
wedges (see tracing) were first brought to my no- 
tice, I practically saw that a better form of sus- 
pended joint could be made by substituting bolts for 
the wedges; and at that time I had a foreman joiner 
of the name of Franklin (who now resides at Bishop 
Stortford), to whom I gave instructions to make 
templates for cast iron fish-plates. These were put 
down on the line between London and Stratford. 
They, however, did not answer, inasmuch as, from 
the unfitness of cast iron, they broke. 

They were, however ordered by the Eastern 
Counties, and paid for by that company. The 
quantity was very small, that company having, up 
to the present time, the privilege of using them 
without any royalty whatever. 

Immediately afterwards other patterns were made 
for joint-plates in wrought iron, and a large quan- 
tity were ordered; and, subsequent to my leaving 
that company’s service, the majority of the com- 
pany’s lines were laid with them. 

The old rails were punched for bolt-holes by a 

machine procured from Parr, Curtis & Co., of Man- 
chester, which was driven by a small locomotive 
engine—the wheels of which were taken off—that 
had been used for road-inspecting purposes. 

About the time first mentioned the firm of Adams 
& Co., of the Bow Works, got into some little dif- 
ficulties ; and as it appeared to me that the fish- 
joint patent was likely to become of value, Mr. Jos. 
Samuel agreed, and did pay, Mr. W. Bridges 
Adams, or his brother, Mr. Charles Adams, the 
sum of £2,000 for his entire interest in his patent, 
which was paid, and the patent became the joint 
property of Mr. Robert Richardson, Mr. Samuel, 
and myself, for having had a very considerable 
share in perfecting the invention. I applied to the 
two gentlemen before mentioned for my due share 
in the profits arising, or likely to arise, from the 
improved suspended joint; and, as a proof of the 
reasonableness of my claim, I may mention that 
Messrs. Richardson and Samuel assigned over to me 
one-sixth share in the patent relating thereto, which 
I herewith submit to you for inspection. 

You have my full permission to make whatever 
use you please of this communication. 

I forward you tracings of Adams’ and Richard- 
son’s patent wedge-joint, and the after improvement 
carried out by myself. 

I am, dear Sir, truly yours, 
(Signed) PETER ASHCROFT. 
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HISTORY OF DECARBURIZING IRON. 
No. IV. 
FURNACE FOR REFINING IRON. 


Joun C. McManaway, Scioto, 0.— 
1842. June 22. (U.S.) 


Nore.—No specification published. 


FURNACE FOR PUDDLING AND REFINING 
IRON. 

Peter Cooper, assignee of Joun S. 

August 22. 


Gustin, New York.—1842. 
(U. 8.) 


Note.—No specification published. 
PUDDLING FURNACE WITH HEATING 
CHAMBER. 


BopMER, JoHN GEORGE.—1843. Oct. 
5. No. 9,899. 


This patent is for to nine distinct inven- 
tions; that referring to the subject under 
consideration is as follows: 


7th. A double furnace is constructed, having one 
fire-place in front, while the back part is divided by 
a horizontal division or shelf into two compartments, 
an upper and a lower one, each having its own 
bridge, and each connected with a separate chim- 
ney. The lower compartment serves as for the 
puddling process, and when that is completed its 
chimney is closed with a damper, and while the 
balls are being made and removed, all the blast 
flames and heat pass into the upper compartment, 
where the iron undergoes ‘‘a kind of refining pro- 
cess,’’ and is afterwards dropped down into the 
puddling compartment, through a slot in the upper 
bridge. The improved movable grate (described in 
the 4th section of the patent), may be applied to 
puddling furnaces. 

[Printed, 1s. 9d. See “ Mechanics’ Magazine,” vol. 40, p. 

271; and “ Engineers’ and Architects’ Journal,’’ vol. 7, 
p. 153.) 

Nore.—The function of the upper chamber can be 
hardly anything but HEATING, or perhaps partially 
melting, the iron preparatory to puddling. See 
Gardiner’s patent of 1788. (Van Nostrand’s Mag- 
azine, No. 4, page 358.) 


FURNACE WITH A LOW GRATE, THE BLAST 
INSTEAD OF DRAFT, AND HOT AIR FORC- 
ED IN ABOVE THE FIRE—ALSO REFIN- 
ING BY JETS OF HOT AIR. 


DETMOLD, JULIUS ADOLPH.—1848. Oct. 
18. No. 9,911. 


Improvements in “‘furnaces or fire-places,’’ &c. 
The invention is intended to obviate the disadvan- 
tages arising ‘ from the formation of combustible 
gases in the furnace, and the passing of undecom- 
posed air through the grate,” and also from cold air 
being ‘‘drawn into the furnace through the door 
when open, and through every opening or crevice ”’ 
in the furnace. 

These objects are to be effected, 1st, by making 


Vou. I—No. 6.—37. 


the grate much deeper than ordinary, from three to 
five feet, according as the coal is caking and bitu- 
minous, or light in quality. 

2d. Instead of relying on the draft of a chimney 
a blast is forced into the ash-pit below the grate 
(the ash-pit having an air-tight door), and up 
through the grate. The body of fuel, except the 
stratum immediately above the bars, will not be 
maintained at a high heat, and all that is combusti- 
ble in the fuel is converted into combustible gases. 

3d. The ‘‘ combustion of these gases’’ is effected 
“by forcing amidst them, in their passage over the 
fire bridge, heated and compressed atmospheric air ’’ 
supplied from pipes heated in the chimney, and 
regulated by valves, and introduced through a row 
of tweers placed in front of the bridge. The pres- 
sure of the air within the furnace must always ex- 
ceed that of the atmosphere. Any kind of coal 
may be used, and anthracite is particularly benefi- 
cial. These closed furnaces are specially adapted 
for the manufacture of iron; and the specification 
and drawings describe how they are to be worked. 
In refining iron, a blast of hot air is directed on the 
iron through tuyeres converging towards the center 
of the hearth, and having a pitch of twenty-five or 
thirty degrees. Iron may be advantageously refined 
and puddled in the same furnace. 

[Printed, 1ld. See “London Journal” (Newton’s), vol. 25 
(conjoined series), p. 73; and “* Mechanics’ Magazine,” 
vol. 40, p. 379.) 

Note.—Mr. C. E. Detmold patented an improved 
furnace in the United States, April 16, 1842, but no 
specification is accessible. 

The merits of hot-air jets, PROPERLY APPLIED, 
above the fire, are hardly appreciated yet. In some 
of our forges they are used with success for heating, 
and save much fuel, for instance, at the West Point 
Foundry. They form a leading feature in the fur- 
nace used for the Pomeroy process. 

This is the first mention of the use of BLAST, in- 
stead of the natural DRAFT, in the patent records— 
now a distinguishing feature of the American, as 
compared with the English practice. 


PURIFYING LIQUID IRON BY SCRAP IRON, 
BITUMINOUS SUBSTANCES, NITRE AND 
OTHER FLUXES, AND BY CURRENTS OF 
ELECTRICITY, 


WALL, ArtTHUR.—1843. November 18. 
No. 9,946. 


‘“‘Tmprovements in the manufacture of iron.” 
The operations are divided into two classes. 

1st. While the iron is in a state of fusion, two 
compounds (A and B) are added to it. A consists 
of a mixture of steel or iron filings or cuttings and 
rosin, two pounds of cuttings to five pounds of rosin. 
These are made into balls of five pounds weight 
each, and are thrown on the iron when in a state of 
fusion in the smelting or other furnace, in the pro- 
portion of one ball to five hundredweight of iron. 
Instead of rosin, analogous substances, pitch, tar, 
&c., may be used; a few pounds of charcoal may 
also be added to the ball. B consists of a mixture 
of salt, rosin and charcoal (of which the proportions 
are not given), and is to be added after A has been 
applied, in the proportion of one pound of mixture 
to one hundredweight of iron. Instead of salt, other 
fluxes, nitre or fixed alkalies may be used. 





2d. When the metal is “‘ congealing”’ or solidify- 
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ing, electric currents are to be passed through it in 
every possible direction. 
[Printed, 3d. See ‘‘ London Journal” (Newton’ 8), vol. 24 
(conjoined series). p. 426; and ‘Engineers’ and Archi- 
tects’ Journal,” vol. 7, p. i97.] 


Nore.—This is the first mention of nitre, now 
used in the Heaton process. 


BLOOMERY. 
Simeon GuILFoRD, Lebanon, Pa.—1843. 
December 27. (U. 8.) 
Forge, bloomery, for making wrought iron. 
Nore.—No specification published. 


PURIFICATION IN PUDDLING, BY SUL- 
PHUR(!), NITRE, BORAX, ALUM, SODA 
AND POTASH, IN DEFINITE PROPOR- 
TIONS. 


SouTHALL, THOMAS, and CRUDGING- 
TON, CHARLES.—1844. February 8. No. 
10,038. 

“Improvements in the manufacture of iron.’ 
These consist in treating iron when in a melted 
state, while being manufactured into malleable iron, 
with a mixture consisting of equal parts by weight 
of sulphur, nitre, borax and alum, with half a part 
by weight of soda or potash, or one and one-half 
pounds of the mixture must be mixed with about 
four hundredweight of iron, in the puddling furnace, 
if the iron be intended to be converted into malle- 
able iron. If the iron be intended to be converted 
into steel. it is said that four pounds of the mixture 
will be required for four hundredweight of iron. 

(Printed, 3d. See “Repertory of Arts,’’ vol. 6 {enlarged 

series), p. 244; and “ Engineers’ and Architects’ Jour- 

nal,”’ vol. 7, p. 321.) 

PURIFICATION IN PUDDLING, BY DEFINITE 
PROPORTIONS OF OXIDE OF MANGANESE, 
PLUMBAGO, CHARCOAL AND SALTPETRE, 
Low, CuarLes.—1844. May 25. No. 

10,204. 


Improvements in making iron and steel. The 
patentee makes a mixture consisting of about 42 Ib. 
of black oxide of manganese, of plumbago 8 Ib., 
wood charcoal 14 Ib., saltpetre 21b. These mate- 
rials should be ground fine and well mixed. The 
mixture is introduced into the furnace in propor- 


tions of about 66 lb. of mixture to every charge | 


calculated to produce 480 Ib. of metal. The mix- 
ture is to thrown on the iron in the puddling fur- 
nace two or three pounds weight at a time, and 
stirred up with the metal until 66 lb. are used, or 
until the iron is brought to nature. The mixture 
may be advantageously used in the above propor- 
tions, or nearly, in any of the processes of making 
iron. 

In manufacturing cast steel from malleable iron, 
two or three pounds of the mixture are to be put in 
the melting pot ‘‘ to every 30 Ib. of cast steel;’’ or 
the ingredients may be added in the same relative 
proportions to the malleable iron while it is being 
made. ‘Then the application of a moderate heat 
will fuse the iron in contact with the mixture, and 
convert it into cast steel.’ 

(Printed, 3d. See Sg ry Journal” (Newton’s), vol. 26 | 
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ORE AND SCALE MIXED WITH CARBONA- 
CEOUS MATTER AND USED IN THE PUD- 
DLING FURNACE— SUBSTANCES CON- 
TAINING ALUMINA USED TO CURE RED- 
SHORTNESS. 


RusurTon, THomAs LEVER.—1844. June 
21. No. 10,233. 


‘Improvements in the manufacture of iron.’ 
The ‘‘ hammer slack, rolled scale, red ore, calcined 
ore and other oxides’* usually mixed with iron in 
the puddling furnace, are mixed with pulverized 
carbonaceous matter in the proportion of “17 up 
to (but not including) 28 per cent of carbonaceous 
matter.’? The proportions of 28 per cent and up- 
wards being claimed by William Clay. (See Patent. 
—1840. March 31. No. 8,459.) ‘To 480 Ib. of 
No. 4 pig iron” the patentee adds “ 84 Ib. of Lan- 
cashire hematite ore pulverized and mixed with 20 
Ib. of powdered coke.’’ If the proportion of hema- 
tite be increased, that of coke must also be in_reased. 

** Clay, argi!laceous ironstone, or other substances 
containing alumina,’’ ground fine, are to be added 
to those ores likely to prodnce ‘ red short ’’ iron, to 
cure that defect, in proportions of from four to ten 
per cent by weight of the ore employed. 

A mixture in proportions of about 150 Ib. of tap 
cinder containing 71 per cent of protoxide of iron to 
150 Ib. of Lancashire hematite, 50 Ib. of ground 
Wortley fire-clay, 50 lb. of chalk, and 100 Ib. of 
coke dust, may be advantageously combined and 
manufactured, :ither with or without pig or refined 
iron, in reverberatory furnaces, into malleable iron. 

[Printed, 4d. See “ Mechanics’ Magazine,” vol. 42, p. 122; 

“ London Journal” (Newton’s). vol. 29 (conjoined series), 
p. a and “ Engineers’ and Architects’ Journal,” vol. 8; 
P 


Nore.—The patent of Mr. Clay’s referred to is 
for making malleable iron in a reverberatory fur- 
nace, from fine ore mixed with 28 per cent and up- 
waras of pulverized carbonaceous matter. The 
specification, however, says: ‘‘ Pig or scrap iron, of 
a weight equal to that of the ore, may be added with 
advantage in the furnace, at the time when the ore 
and fuel are well heated.” 

This patent is interesting now, in view of the ex- 
periments making and claims set up, for mixing the 
ore with carbonaceous matter in the Ellershausen 
process. More carbon than the iron can supply, is 
necessary to reduce the ore, and the refuse of coal 
oil refineries is said to be the best carbonaceous ma- 
terial. 


SPECIFIED PROPORTIONS OF SALT, LIME 
AND IRON SCALES USED IN THE PUD- 
DLING FURNACE, 


OsBORNE, JOHN JAMES.—1845. 
16. No. 10,470. 


‘‘Improvements in the manufacture of iron and 
steel, and in furnaces to be employed in such and 
similar manufactures.” 

To improve the quality of the iron, ‘‘a mixture 
composed of 2 Ib of common salt, 2 Ib. of fresh 
burnt or quick lime in powder, and 15 Ib. of iron 
| Scabs ” or hammer slag is introduced into the pud- 
| dling furnace in small quantities at a time, and 
melted up with the charge of about 3 or 4 hundred- 
weight of pig iron. The iron is then puddled and 
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made into bar iron. ‘‘ For making shear steel,” to | 
a charge of 5 hundredweight of pig iron, 20 lb. of 
hammer slag are added while the iron is liquid, and, | 
subsequently, a mixture of ‘2 Ib. of common salt, | 
2 lb. of quick lime in powder, and 2 Ib. of pearlash, | 
or 4 lb. of the common carbonate of soda” (the 
former is preferred) should be added in small qua» | 
tities. A violent effervescence ensues, 2»d the mass, 
when worked, is made im che ordinary way into 
shear steel. Whou cast steel is required, the mass 
js similarly treated with the mixture, but not pud- 
died or balled; or a blast furnace may be employed. 
The charge is run out in a plate of about 14 in. 
thickness. It is cooled with water, the slag is re- 
moved, and then the mass 1s broken up and melted 
in crucibles. ‘28 lb. of the plate, with 14 Ib. of 
green bottle glass, 8 oz. of pearlash or 16 of carbon- 
ate of soda” and “8 oz. of black oxide of manga- 
nese,’’ will produce excellent cast steel. 
The improved steel furnace is then described. 
[Printed, td. See “London Journal”? (Newton’s), vol. 27 
(enlarged series), p. 94; and “ Engineers’ and Architects’ 
Journal,”’ vol. 8, p. 331.] 


DECARBURIZING MELTED PIG IRON BY 
MEANS OF MALLEABLE IRON SCRAP. 


HeatuH, JostAnH MARSHALL. — 1845. 
August 4. No. 10,798. 


“ Tmprovements in the manufacture of cast steel.” 
The invention is described as an improvement on 
that of Mr. Heath, patented April, 1839. (See 
Van Nostrand’s Magazine, No 5, page 459.) The 
decarburation of pig iron may be better effected in | 
an apparatus distinct from that in which it is melt- 
ed. The pig iron is melted in a cupola or other 
furnace, and run from it at the highest possible de- 
gree of temperature, into a refinery or other recep- 
tacle capable of resisting very great heat. The re- 
ceptacle is to be maintained at a high temperature 
by means “‘of currents of ignited carbonic oxide gas” 
and of heated atmospheric air, or by oxyhydrogen or 
oxygen gas, or other suitable means. “In order to 
decarburate the fluid iron in the receptacle ’”’ to the 
proper degree, the necessary quantity of malleable 
iron must be mixed with it ‘‘more or less,” as the 
steel is to be ‘‘softer or harder. If cast steel of 
medium hardness be required *’ equal proportions of 
pig and malleable iron answer best; but these vary 
according to the quality of the iron; gray iron re- 
quires more malleable iron than white. 

To form a judgment, small samples should be 
taken out, and when cold tested by fracture. The 
malleable iron may be mixed in the form of scraps, 
or by preference in a granular form, produced by 
reducing a pure oxide of iron to very small frag- 
ments, and submitting them to the process of ce- 
mentation, mixed with just that proportion of car- 
bonaceous matter which is sufficient to combine 
with its oxygen at a red heat in a close vessel; the 
malleable iron at a white heat is then mixed with 
the fluid pig iron, and the whole is stirred and kept 
in a state of fusion. A vitreous flux should be used 
to defend the surface from the atmospheric air. The 
assays taken from the fluid mass will show when the 
steel is of the required quality, and it is then run 
into molds. 

(Printed, 7d. See “London Journal’? (Newton’s) vol. 29 

A series), p. 230; and “ Patent Journal,” vol. 1, 





Note.—Heath mentions introducing currents of 
heated air into a finery or receptacle in whick the 
use of fuel is not specified. Here are sume of the 
elements of the Bessemer process, but there ts no 
further intimation of blowing the air THROUGH or 
INTO the molten iron, than that a finery is employed. 
fartial decarburization in a finery, by air blasts, 
was very old in 1845. The fact that Heath specifies 
such extraordinary and costly means of keeping his 
decarburizing vessel hot, indicates that he did not 
know that simple streams of air blowing through the 
iron would accomplish both the heating and the de- 
carburization of the iron. 

Melting down or keeping in a state of fusion, in 
a highly heated vessel or furnace, cast iron and 
wrought iron scrap, to produce cast steel, appears 
to be similar to the Martin process, of which the 
particulars are given in another column. 

The use of malleable scrap in decarburizing crude 
iron, was first specified by John Wood, in 1761. 
(Van Nostrand’s Magazine, No. 3, p. 194.) 


PUDDLING BY AID OF AIR OVER THE 
FIRE; ALSO BY THE AID OF ORE, 
SCALE AND SLACK COAL. 


Bovi.i, GEorGE Hinton.—1846. Jan. 
31. No. 11,065. 


Improvements in the manufacture of iron. The 
invention relates to various matters, among others : 

5th. To a method of puddling iron ‘‘ by the appli- 
cation of the water furnace, commonly known as 
Kymer and Lighton’s furnace, the same being 
worked by air blown into a closed ash-pit, and the 
introduction of air over the fire to consume the 
gases generated.”’ 

6th. To a preparation of cinder foom Cumberland 
ore or hammer scale, and the slack of anthracite 
coal or other suitable fuel, ‘‘ to assist the working 
of iron in the puddling furnace,” and also to facili- 
tate the combination of steel with iron. 


[Printed, 3d. See “ Patent Journal,” vol. 1, p. 179.] 
FURNACE FOR AND PROCESS IN MAKING 
MALLEABLE IRON. 


Winstow, Joun F., Troy, N. ¥.—1846. 
March 16. (U. 8.) 


Nore.—No specification published. 


THE USE OF ANTHRACITE COAL IN THE 
REFINERY FURNACE. 


Crane, Patrick Morre.—1847. April 
8. No. 11,653. 


‘Improvements in the manufacture of iron.’’ 
These relate to the use of anthracite coal in the re- 
finery furnace. The anthracite is to be previously 
heated in kilns or in any convenient manner, or used 
in a state of ignition. It may be used alone, or 
mixed with other fuel, and effects saving, and is 
said to improve the quality of the refined iron. 

[Printed, 3d. See “Repertory of Arts,’’ vol. 10 (enlarged 

series), p 306; “London Journal’? (Newton’s), vol. 31 
= series), p. 277; und “ Patent Journal,’’ vol. 3, 
Pp . 
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| 
CHARCOAL MIXED WITH IRON IN PUD-| 
DLinG@, AND CASTING INTO PIGS FROM | 


AN AIR FURNACE, INSTEAD OF USING 

THE FINERY. 

BLewitt, REGINALD JAMES. — 1847, | 
May 27. No. 11,723. 


‘Improvements in the manufacture of malleable 
iron.”’ The iron, instead of being refined in a re- 
finery furnace, is to be produced from the air fur- 
nace commonly used for casting or founding pur- 
poses. It is to be melted in the air furnace, and 
then run out into sand or iron molds, and then sub- 
jected to the puddling process. The fuel used by 
the patentee “‘is a white-ash semi-bituminous coal 
of excellent quality.’”? He uses one or two hun- 
dredweight of charcoal with each charge of iron of 
about four tons. 


(Printed, 3d. See “ Repertory of Arts,’’ vol. 10 (enlarged 
series), p. 354; ‘ Mechanics’ Magazine,”’ vol. 47, p. 592; 
“Patient Journal,’’ vol 4. p. 30; and “‘Engineers’ and 
Architects’ Journal,” vol. 11, p. 46.] 


PIG IRON MIXED WITH FORTY PER CENT 
OF WROUGHT IRON IS MELTED, ‘‘ SHOT- 
TED” IN WATER AND PUDDLED—OXIDE 
OF MANGANESE INTRODUCED THROUGH 
THE FINERY TUYERES. 

Vickers, WILLIAM.—1847. June 19. 

No. 11,759. 


‘Improvements in the mannfacture o firon.’’ 
Pig iron is melted with small quantities of wrought 
iron, such as scrap turnings or filings, and the mix- 
ture is run in finely divided streams into water. 
The proportions vary; for making good ordinary 
wrought iron, 80 parts of wrought iron turnings, 
with 70 parts by weight of iron, are found benefi- 
cial. If the iron be intended for making steel, the 
proportion of wrought iron may be increased, and 
40 per cent of wrought ironemployed. The melted 
iron is run into a cast iron tray, perforated with 
half-inch holes, and lined with clay about 4 inch 
thick, punctured “with holes about } of an inch 
thick at those places where there are holes in the 
tray.’”’ The iron is dropped in a divided state into 
a cistern of water about 15 feet below it, and is 
afterwards worked up into wrought iron in the ordin- 
ary way. From three to five per cent of black oxide 
of manganese may be used advantageously with the 
melted pig and wrought iron, and may be introduced 
by placing small quantities in the tuyere holes. 


[Printed, 3d. See “Repertory of Arts,’’ vol. 13 (enlarged 
series), p. 243; “London Journal’? (Newton’s), vol 31 
(conjvined series), p 427; “ Mechanics’ Magazine,” vol. 
47, p. 631; and “ Patent Journal,’’ vol 4, p. 127.] 


1 ie New BripGE OVER THE ScHUYL- 
KILL.—The first premium for designs 
for a bridge at the site of the present sus- 
pension bridge over the Schuylkill, has been 
awarded to Mr. J. H. Linville. The clear 
span is 340 ft., width 50 ft., including two 
sidewalks of 8 ft. each. There are two 
roadways, the upper one being reached by 
approaches on iron columns, to avoid grade 
crossing, over the Pennsylvania Railway at 
West Philadelphia. 





THE PROGRESS OF LIQUID FUEL. 


From a paper read before the Institute of Naval 
Architects, by Captain Selwyn, R. N. 

No one here will probably be prepared to 
deny that economy is the order of the day, 
and I am here to-night to continue from last 
year, before the Naval Architects’ Institute, 
the history of liquid fuel, and to tmsict. again 
on the important economy to be derived from 
its employment in steam ships especially. 
The experiments on which I was last year 
at this time engaged, and to which I then 
referred as taking place in a small steam 
launch, terminated in ample proof being 
given that they had not been unwisely un- 
dertaken by the Admiralty at the request of 
Mr. Reed. During a trial of 7 hours 40 
minutes with coal, a small boiler fitted to 
the launch in question evaporated 5,418 lb. 
of water at the rate of 8.5 lb. of water 
(from 212°) per pound of fuel, while with 
oil the evaporation in the same boiler was 
12.3 lb. of water per pound of fuel, and the 
quantity 3370 lb. in 3 hours 45 minutes.* 
It is to be remarked that the coal was the 
best navigation steam coal, and the fire was 
forced as much as the stoker could do it, but 
this was not done with the oil, because, the 
boiler being short, too much heat was already 
lost up the funnel, no more coal could have 
been burnt, nor could the quantity then 
burnt have been continued without frequent 
cleaning of the fires. The oil, on the con- 
trary, was burning as well at last as at start- 
ing, and there was no deposit in the furnace 
or boiler flue. The fire was lighted with 
wood, or wood and coal, and oil was turned 
on as soon as 10 lb. of steam were obtained. 
The steam was generally raised to 90 lb. 
pressure in about one hour from lighting the 
fire. There was no smoke, and a white 
handkerchief could scarcely have been dirtied 
in the furnace after the oil fire was put out. 

The results were so far satisfactory that 
the Admiralty gave a larger boiler, which had 
formerly belonged to the Oberon, and sanc- 
tioned further experiments. These are still 
proceeding, though intermitted for a time 
from causes over which I have no control. 
I trust they will shortly be resumed. The 
boiler in question is nominally of 130 horse 
power, and with coal has evaporated on trial 
in July 206 cubic feet of water per hour, 
making her equal on the allowance used at 





* Mean per hour : 
Coal, 100 Ib. .........++2+- 706 1b. water. 
Oil, 100 Ib.... 200 ween seoe++ 1032 lb. water. 
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Woolwich of half a cubic foot per horse- 
power to a real power of 412. On that trial 
she burnt in three fires 13} ewt. of coal per 
hour, and evaporated at the rate of 8.2 lb. 
of water per lb. of fuel burnt. Now, it 
may here be observed that it is extremely 
doubtful if this rate of evaporation could 
be maintained for any very long time 
in practice with coal in this boiler. There 
is, on the other hand, no doubt what- 
ever on my mind, or, I think, in that 
of any one who has seen the liquid fuel 
in operation, that whatever it does once it 
will continue to do for any number of hours 
or days, if the same quality of oil be used, 
and the furnace be not altered purposely, 
because there is no stoking needed, and no 
deposit of any kind to require removal. The 
boiler was prepared to burn the oil in the 
following manner: having been already 
placed on the wharf of the steam basin for 
a previous experiment not connected with 
these, it was only necessary to fill the tanks 
which were on the top of the boiler with oil, 
to have them correctly gauged, and to fit a 
pipe to convey the oil from the tank to the 
fire-doors, where it entered the injector. 
Steam was taken from a small boiler placed 
near the large one, and fired with coal, and 


by another pipe this was brought to the fire- 
doors, thence through a superheating coil in 
each furnace, and, lastly, into the injector, 


where it met the oil. The boiler was a tubular 
one, with twelve rows of tubes. These were 
divided by diaphragms in the combustion 
chamber and smokebox into three runs as 
follows: a diaphragm of § in. iron plate was 
pierced full of holes, and then lodged in the 
combustion chamber, over the fourth row of 
tubes, thus foreing the products of combus- 
tion to return through the four lower rows 
of tubes alone. Arrived in the smokebox, 
the heated air met another diaphragm exactly 
similar to the first over the eighth row of 
tubes, which forced it to return again to the 
combustion chamber through the tubes left 
open to it. From thence it again pressed 
back to the uptake through the upper four 
rows of tubes. The object of the holes in 
the iron diaphragms above spoken of was 
that fireclay might be plastered on the plates 
above and below, and be jointed through as 
it was thought the heat would otherwise soon 
cause the plates to lose their shape and 
bend down. It is clear that had they been 
designed for anything more than an experi- 
ment, there should have been water spaces. 
But as far as the oil burning was carried, 





the heat seemed to be sufficiently kept down 
in these plates by contact with the water 
spaces of the boiler. No attempt has yet 
been made to ascertain what quantity of 
water can be evaporated by this boiler with 
oil, since it was soon discovered that the 
small boiler could not, evaporating from 3 
to 4 cubic feet only of water, supply steam 
enough to burn the full quantity of oil. It 
was first necessary to find out the best 
arrangement of furnace, and this could be 
done while burning only a small quantity of 
oil per hour. As the size of injector, its 
best arrangement, and the quantity of steam 
required per pound of oil to produce the 
best effect, were also matters for preliminary 
experiment, these were the first points to 
which attention was given. It was found 
that the oil could be perfectly burnt, as you 
will see by the tabulated result, without re- 
moving the firebars, or in any way altering 
the furnace so as to prevent coal being burnt 
the next hour if desirable. That the form 
of injector giving the best effects was that 
where the oil was in the internal injector 
with the steam issuing from an annular 
aperture round it. That the quantity of 
steam required for jets would be about 1 Ib. 
per pound of oil burnt. That rough broken 
firebrick, or whole firebricks, loosely built 
up on the firebars, were perfectly efficient as 
governors and distributors of the intense 
heat generated by the combustion of the 
oil. These speedily got nearly white hot, 
and remained so. That the superheaters 
should be placed in the smokebox preferably 
to the top of the furnace, where they had 
been fixed, as giving rise to the least altera- 
tion of the ordinary state of the boiler for 
coal. That the firedoors ought to be made 
in a different form, z.e., box doors opening 
with a regulator, and hung from above in- 
stead of at the side, and that some other 
slight modifications would be desirable, 
though not necessary. 

The whole arrangement was then altered 
in order to establish whether by lining the 
furnaces with firebrick after taking out the 
firebars, building up bridges, etc., any better 
result could be obtained without any dia- 
phragms, which were also taken out. 

This part of the experiment has not yet 
been finished, and I am not, therefore, pre- 
pared to give any further information about 
it now; but I hope to try it thoroughly, 
since it was under a modification of this 
arrangement that the extraordinary results 
I narrated last year seem to have been ob- 
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tained. The oil supplied during these pre- 

liminary trials has been analysed by Professor 

Church, of Cirencester College, with the 

following results. It is composed of 

86.48 
7.06 


Hydrogen 
6.46 


Oxygen, or refuse........ 


100.00 


Now, referring to Professor Macquorn 
Rankine’s admirable paper, we find that, in 
order to arrive at the calorific effect in 
British units of heat to be expected from 
this oil, we have to make the following simple 
calculation : 


Carbon 
Hydrogen... 


es suesesesaeesc 


if refuse be not oxygen ; or, 
Carbon.... 86.48 x 15= 13.02 
Hydrogen.. 6.26 x 64= 4.00 


if refuse were oxyen, deducting } its weight 


of the hydrogen. Thus, in either case we 
may say that the total theoretical evapora- 
tive duty or calorific effect in pounds of 
water evaporated from 212° Fahr, is 17 or 
17.55 respectively. Now the next calcula- 
tion, taking the figures from the tabulated 
result at Woolwich, is to be performed thus: 

Temp. of feed, 50° Fahr. ; temp. of actual 
boiling point due to 26 lb. pressure, 269° 
T 5; const., 212°; boiling point, T’. Now 
the formula is thus : 

Evaporation reduced or corrected = 
evaporation observed X 

1+T—T f+ 0.3 of Tb—T’ 


966° Fahr. ‘ 





Then 
7 212° 
—Tf 50 
162 
17.15%; of T 3—T’ 


179.1 + 966° = .18. 


Then unity +- .18 = 1.18 X evaporation ob- 
served at feed temperature 14.22 = 16.77 lb. 
of water evaporation from constant of 212° 
Fahr. by 1 Ib. of oil against 17.52 total duty 
to be expected from this particular sample of 
oil. If other oils capable of giving up to 


T 4 269° 
—T’ 212 


57+-0.3 = 17.1 
+ 





22 Ib. or 24 lb. of calorific effect be operat- 
ed on, we may expect an equally satisfactory 
approach to their theoretic value. 

It is to be observed that the sample taken 
for analysis was from the last of the oil, and 
as we may expect that the whole quantity 
would be arranged according to specific 
gravity, perhaps this, which was one of the 
first trials, got a little advantage im that 
way, but there could not have been more 
difference than 1 Ib. of calorific power either 
way. 
-_ draw particular attention to the 
fact that during this trial the temperature 
of the bottom of the funnel was so low as 
120° Fahr. I must now point out that the 
rule adopted throughout the Government 
trials of calculating the evaporative effect 
from a constant of 100° Fahr,, though fair 
enough for comparison at ordinary tempera- 
tures and pressures, does not take into ac- 
count the latent heat due to high pressure in 
the boiler, neither does it give in any way 
the actual calorific effect of the fuel in 
British units of heat, which Professor Mac- 
quorn Rankine’s formula does. 

I have also to observe that in buying oil 
for heating purposes, as much attention 
ought to be paid to the chemical analysis 
showing the proportions of carbon, hydrogen, 
refuse or oxygen (if any,) as would be done 
with coal to ascertain from which mine or 
stratum it was obtained, and consequently 
what effect it might be expected to produce. 
There will also be a necessity for a specific 
gravity and fire test, as adverted toin my 
former paper. 

I will now briefly advert to some other 
independent proofs of the calorific effect of 
these oils, as compared with coal. 

A boiler plate furnace at Woolwich has 
been fitted to burn oil after the process 
patented by Messrs. Dorsett and Blyth, 
which first converts the oil into gas in a 
species of retort, or still resembling an 
ordinary vertical boiler of small size, and 
then burns it as gas issuing from small aper- 
tures in a coal of iron pipe. Here no steam 
is required ; but I have seen reason to think 
that in a ship the other apparatus will be 
preferable, as I do not think there is much, 
if any, difference in the calorific results, and 
in the plan I now, use only the oil and steam 
pipes with the injector are necessary. 

However this may be, the results obtained 
in this furnace, which now burns oil instead 
of coal, are briefly these : 

Seventy-five gallons of oil are used per 
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day, instead of 1 ton of coal, or the sp. gr. 
of the oil being 1,050 about 780 lb. of oil 
heat the furnace, which had required 2,240 
Ib. of coal. This gives us a proportion of 
lto 2.7. But this is not all. The § in. 
iron plate which took formerly 15 minutes 
to heat now takes 6; thus effecting a saving 
in time, which those who have seen men 
waiting round a furnace for the heat to be 
got on, will do well to appreciate ; the pro- 
portion here is 1 to 2.5. Now, 780 to 2,240 
is 2.7 times the duty of coal, or equal, if we 
take coal at 7 lb. of water evaporative power 
to 18.9 lb. of water evaporated by 1 lb. of 
oil. I am informed that a still more remarka- 
ble difference was observed in the time taken 
to heat armor plate when a small piece of it 
was tried. The heat is remarkably even and 
free from scale, and no difference has been 
observed in trials made as to the usual tests 
for strength after heating. Since last writ- 
ing on the subject, several other boilers 
and retorts have been fitted to burn oil, and 
are giving satisfaction ; but where the pro- 
per flame has not been obtained, i. e., the 
blue glow due to burning carbonic oxide, the 
results always fall short of the true value of 
the oil, though still showing a considerable 
superiority to coal. As regards danger, I 
will repeat the experiment made here last 
year with a burning fuse. 


But the best answer is to be given by 
those who have had it in practical operation 
during the past eighteen months without any 
accident. It is perfectly true that a gas 
explosion, though not a very dangerous one, 
resulting in the singeing or burning the faces 
of those who do it can be produced, if while 
there is no flame in the furnace, the oil be 
allowed to drop on the hot bricks till gas is 
made sufficient to mix explosively in the fur- 
nace with air; and I know one gentleman 
who has recently insisted on trying this for 
himself, against his engineer’s advice, and 
who got conclusive evidence of the fact in 
singed whiskers and aslightly scorched face. 
One such explosion also took place at Wool- 
wich at the close of a successful day’s work in 
my absence ; but there, also, those who did it 
confessed that it was entirely their own fault, 
and were not at all afraid of going on after- 
wards. 

If I were to use any process for making 
the oil into gas before using it, I should 
prefer, on many accounts, to do this by 
means of Perkins’s coil of hot-water pipe 
(used some years ago in this city for baking 
bread), instead of putting a fire under the still, 





IMPURITIES IN IRON. 


From a paper ‘‘on the Molecular Action of Impuri- 
ties in Iron,’’ read before the Philosophical Society 
of Glasgow by Thomas Rowan, F.C. S., F. R.S.5 
A., Atlas Works, Glasgow. 

The impurities contained in iron and steel, 
such as phosphorus, sulphur, &c., which in- 
juriously affect the good qualities of these 
metals, have of late been the subjects of 
much discussion and elaborate investigation. 
Without wishing to enter into the discussion 
as to the effects produced by certain quantities 
of these impurities, I would suggest that 
these effects may not be entirely dependent on 
the presence of any one element known to 
produce them in greater or less degree, but 
may be intensified or modified by combinations 
of impurities in the same metal. Thus the 
alleged absence from the Heaton steel ana- 
lysed by Dr. Miller of the cold shortness 
which under ordinary circumstances would 
be due to the amount of phosphorus which it 
contains, may be occasioned by the presence 
of the calcium, ete,, shown in the analysis. 
I conceive these results to be due to mole- 
cular change, which is variously produced in 
the iron or steel by these various elements, 
each element acting in a definite manner on 
the molecules of the metal, while in some 
instances the action bears a relation to that 
produced by some other meterial. 

It seems clear that iron and steel are 
capable of numerous modifications or changes 
of their molecules or particles, by which 
different physical properties may be imparted 
to the same bar or piece. Some of these 
which are produced by mechanical means, 
are well known in their general effects. For 
instance, if Bessemer steel in its cast state 
be struck violent blows with a hammer it 
undergoes a disintegration similar to that 
which is produced in metal possessing the 
quality of “red shortness,” while if the 
same metal be first hammered gently it will 
afterwards withstand successfully more vio- 
lent treatment than that sufficient to disin- 
tegrate it in its former state, Again, it is 
well known that a considerable degree of 
hardness is imparted to blister steel by dip- 
ping it, when hot, into cold water, the 
chemical composition of the bar nevertheless 
remaining entirely unaltered. The converse 
result, or the impartation of softness to a 
hardened steel bar, can also be obtained by 
mechanical means. A somewhat similar in- 
stance of the alteration of molecular struc- 
ture by mechanical means is to be found in 
the familiar operation of ‘ chilling,” by 
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which certain parts of a casting, which are 
exposed to this action, are materially altered 
in internal structure, and have in some cases 
an extraordinary degree of hardness impart- 
ed to them, this quality not being possessed 
by the metal in its original state, nor, of 
course, by the other parts of the casting not 
so treated. In the first of these instances 
the molecules or particles of Bessemer steel 
- seem to have in its cast or crude state such 
positions relatively to one another as to cause 
them to separate under the influence of heavy 
hammering, while under the gentler blows 
they rearrange themselves, and are induced 
to take up positions conducive to the strength 
and toughness ultimately possessed by the 
manufactured bar. 

Some interesting experiments on the action 
of heat in producing a molecular change in 
iron wire have been made by Mr. G. Gore, 
F. R. S., and communicated by him to the 
Royal Society.* 

Mr. Tresca, in a paper on the * Flow of 
Solids,’’ read before the Institution of Me- 
chanical Engineers in Paris in 1867, thus 
speaks: ‘* The structure of iron, as com- 


posed of contiguous filaments appears to 
afford an explanation of the causes of the 


transformation of fibrous iron into crystalline 
iron after long use ; filaments of different 
natures may also differ in hardness, and the 
facets seen in the fracture of crystalline iron 
are nothing but surfaces caused by friction 
between the particles, arising in the mole- 
cular vibrations and consequent elastic 
changes of form to which iron may be sub- 
jected, according to the use it is put to. 
These facets should never be mistaken for the 
grain in the iron, which is originally non- 
fibrous ; and an examination with a magnify- 
ing glass shows that there is in fact no 
similarity between the two states.” This 
author also states that he has produced 
numerous facets by twisting and untwisting 
the same specimens of granular iron a num- 
ber of times. 

It is to similar molecular action, resulting, 
however, in these instances from chemical 
force, that I would refer the effects produced 
on iron and steel by the presence of the 
various elements denominated “ impurities.” 
Thus phosphorus would, on this supposition, 
be found to act on the molecules of pure iron 
by inducing a permanent formation or rela- 
tive grouping of them, which in result 





* (See Proceedings of the Royal Society, No. 108, 
January, 1869.) 





corresponds to the quality of “cold short- 
ness” inthe metal. Sulphur, while similar- 
ly acting on the molecules, would induce a 
different arrangement of them, and conse- 
quently different results would accrue to the 
metal. 

We could understand that in these two 
instances, the results being nearly opposite, 
the relative formations would be found to 
have nearly opposite characters also. It 
might on this theory be possible, were the 
effects observed which are produced by 
various elements, to modify or intensify at 
will any particular class of characteristics in 
any given substance; although it is very 
improbable that any one class of effects 
could be counteracted by the production in 
the same metal of those of an opposite class. 
In case of such combinations a new condition 
would in all probability result from the 
complex character of the internal action. 

Some careful examinations of the structure 
of different classes of iron, which are very 
valuable in their results, and calculated to 
throw some light on this subject, have been 
made by M. Schott, of Ilsenburg, and are 
published in a work on ‘Iron and Steel 
Manufacture,”’ by F. Kohn. 

M. Schott made microscopical examina- 
tions of the fractures of various qualities of 
cast iron, and also minutely examined the 
appearance afforded by those irons when 
passing from the liquid to the solid state. 
He has also made numerous examinations of 
the structure of steel, and, as the result of 
all his researches, maintains that ‘‘all ery- 
stals of iron are of the form of a double 
pyramid, the axis of which is variable, as 
compared with the size of the base. The 
crystals of the coarser kinds, as compared 
with those of the finest qualities of crystal- 
line iron, are of about twice the height. 
The more uniform the grain, the smaller the 
crystals, and the flatter the pyramids, which 
form each single element, the better is the 
quality, the greater is the cohesive force, 
and the finer the surface of the iron. These 
pyramids become flatter as the proportion of 
carbon contained in the steel decreases. 
Consequently, in cast iron and in the crudest 
kinds of hard steel the crystals approach 
more the cubical form, from which the 
octahedron proper is derived, and the op- 
posite extreme or wrought iron has its 
pyramids flattened down to parallel surfaces 
or leaves, which in their arrangement produce 
what is called the fibre of the iron. The 
highest quality of steel has all its crystals 
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in parallel positions, each crystal filling the 
interstices formed by the angular sides of 
its neighbours. The crystals stand with | 
their axes in the direction of the pressure or 

percussive force exerted upon them in work- 
ing, and consequently the fracture shows the | 
sides or sharp corners of all the parallel 

crystals. In reality, good steel shows, when 

examined under the microscope, large groups | 
of fine crystals like the points of needles—_ 
all arranged in the same direction and 
parallel.” 

It is thus evident that the presence of 
other elements or impurities affects, in greater 
or less degree, the regularity of the structure 
of iron; and [I have little doubt that 
research, by determining the method of their 
action upon the molecules of the metal will 


place its qualities more under control. | 
| 


| 


THE DARIEN CANAL. | 


The following abstract of the report of 
Messrs. McDougal and Sweet, the engineers 
who surveyed the route of the “San Blas 
Ship Canal” in 1863, is compiled from a 
resumé of the report, as prepared for the 
“Syracuse Daily Courier” by Mr. Charles | 
A. Sweet, one of the engineers above men- 
tioned. The complete and accurate statis- | 
tics here presented will be found especially | 
interesting at the present time: | 

Public attention has long been directed 
to projects of a grand inter-oceanic ship | 
canal, to connect the two oceans at or near | 
the Isthmus of Panama or Darien, and to) 
decrease the distance now necessarily tra- 
versed and diminish the time now consumed | 
in going from the ports of either ocean to’ 
the other. To that end grants have, at dif- | 
ferent times, been made by Central Ameri- | 


tion of A. McDougall, Esq., of Massachu- 
setts, now deceased, as Chief Engineer, and 
Charles A. Sweet, now of Syracuse, N. Y., 
as principal Assistant. The report of the 
Surveyors was made to Mr. Kelly in 1864. 
GENERAL FEatuRES.—The whole exact 
length of this canal, according to the survey 
above referred to, is but 30.03 miles. It 
extends from Chepillo Island in Pacific 
Harbor, on the Pacific Coast, to the Gulf 
of San Blas, on the Atlantic side. The 
entire work is divided into four sections. 
The first section extends from Chepillo 
Island to “‘ Paneas,”’ on the Bayano river. 
Besides a dam across the river, a tidal lock 
at the Great Bend of the river, and a short 
cut across the Bend, the work on this sec- 
tion consists chiefly of the removal of sand 
bars in the harbor and river. It is 10.101 
miles long, and consists chiefly of excava- 
tion for the canal and largely of rock exca- 
vation. At the southern entrance of the 
tunnel through the mountains, the greatest 
elevation attained on the first two sections 
of the canal is reached, being 150 feet above 
the level of the water surface of the canal, 
or 175 feet above that of the Pacific. The 
entire route, except near the mountains, is 
nearly level. The summit of the Cordille- 
ras, through which a tunnel is to run, is, 
however, 1,500 feet above the level of the 
same ocean. ‘The soil is shallow, being 
loam or sand, with rock below, and only 
from two to five feet deep. The elevation 
of the surface of the land above the proposed 
surface of the canal is but six feet near its 
southern terminus, and but one foot near its 
northern. The entire canal is to be fed 
from the Pacific ocean, and its water to be 
maintained at the level of ordinary high tide 
in the Pacific. The tides in the Pacific rise 


can States, or treaties negotiated with them. | from 12 65-100, the lowest flood tide, to 22 
Surveys of different routes have been com- | feet for the highest; and these create the 
pleted, and yet no progress has yet been necessity for a tidal lock of 45} feet eleva- 
made towards actual construction beyond tion of wall. The tides on the Atlantic side 


the survey and estimates of cost. 

The recent negotiation of a treaty be- 
tween this government and the United | 
States of Columbia, securing and regulating | 
the right to construct a canal across the 
Isthmus, has now revived the long dormant 
interest in this project. 

Tue Snortest RourE—This is the 
“San Blas” route, about thirty miles long, 
its cost to be about sixty-five millions of | 
dollars. The surveys were made in 1863 | 
in behalf of Mr. Frederick M. Kelly and 
others of New York city, under the direc- 





are insignificant, rising only from one to one 
and a half feet from ebb to flow. The third 
section is rock-cutting through the Cordille- 
ras, seven miles long; and the fourth section 
consists of excavation for canal, similar to 
the work on the second section, terminated 
by a lift lock. The whole route is a wilder- 
ness, without even a hamlet or village upon 
it, although four miles from it there is one 
native village of 2,000 inhabitants. The 
following is the official estimate of the cost 
of the work by sections upon the survey and 
plan above referred to: 
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Section No. 1 extends from the island 
of Chepillo through Bayano river, to diver- 
gence of the canal from it at Paneas, 
10, 1°55 miles. 

The river is three miles wide at mouth 
with 30 feet depth of water. 

The work on this section consists—first, 
of the removal of sand bars in Pacific Har- 
bor and Bayano river; second, a lighthouse 
at Chepillo Island ; third, a tidal lock at 
Great Bend with walls 45} feet high ; fourth, 
a composite dam at Great Bend; fifth, com- 
pletion of the Great Bend cut. 

The cost of these several works, includ- 


ing draining, chopping, earth and river ex-| 


cavation, embankment, masonry, labor, ma- 
terials, &c., is estimated as follows: 
Removal of bars 

Light House 

Tidal Lock 

Composite Dam 

Great Bend Cut 


$136,684 
12,000 

675,844 

174,631 

209,835 
$1,208,994 

Section No. 2 is a canal from Bayano 
river at “‘ Paneas”’ to the south end of the 
tunnel, and is 8,9,3,5; miles long. 

The levels to the south end of the tunnel 
were taken by the late chief engineer, Mr. 
McDougall; the other levels on the entire 
route by Mr. Sweet, his principal assistant. 

The work on this section consists, first, of 
construction of canal from its point of di- 
vergence from Bayano river, at Paneas to 
the south end of the tunnel; second, of a 
new channel for the Mamoni river, which 
crosses the route of the proposed canal, 
375%% miles long. 

The cost of the first named work of this 
section, including bailing, draining, 
chopping, excavation, embankment, 


puddling, &c 
The cost of the second is 


Total cost section No. 1 


$13,033,943 
115,752 


$13,149,695 


Section No. 3 is a tunnel through the 
Cordilleras seven miles long. This work is 


Total cost second section 


exclusively rock excavation. It consists of 
a canal of 25 feet depth of water, a perpen- 
dicular excavation of 29 feet above the 
water surface on either side, whence springs 
the arch rising 561 feet above its starting 
point on a perpendicular, making 105 feet 
from bottom of canal to top of arch. The 
total cost of this work, at $2.50 per cubic 
yard, is estimated to be $29,316,067. 
Srecrion No. 4extends from the north end 
of the tunnel to 25 ft. depth of water in the 
Gulf of San Blas, Atlantic side, 3,33,. 


| The work on this short section consists— 
| Ist, of construction of canal; 2d, of a lock 
with 9 feet fall and walls 383 feet high; 3d, 
The esti- 


|a lighthouse on San Blas Point. 


_Inated cost 

| Of canal is 

| Of lock No. 2, or lift lock 
Of lighthouse 


$11,234,318 
506,017 
12,000 


| Total cost of Section No. 4 $11,752.335 


GENERAL SummMARyY.—The capacity of 
the tunnel portion of the canal has already 
| been stated. These estimates contempiate, 
| on either side of the tunnel, the same depth 
| of water as in the tunnel, but a greater width 
of canal. Beyond the tunnel the surface 

width of canal is 143 feet, and width at bot- 
'tom 100 feet. The summary of the total 
|estimated cost of a canal of the above 
| dimensions on this route is as follows: 
| Section No. 1 $1,208,994 
| Section No. 2 13,149,695 
Section No. 3 29,316,067 
Section No. 4 11,759,335 
Add ten per cent for contingencies and 
engineering expenses 
Add for medical and military depart- 
ments, interest upon capital during 
construction and transportation, etc., 32,500,000 


5,602,809 


$93,469.800 


A second was made and submitted for a 
canal of less width and depth of water. For 
this canal, with a width at water surface of 
100 feet, and at bottom of 80 feet, and 20 
feet depth of water, the estimate cost is 
summed up as follows: 


Section No. 1 

Section No. 2.......... o2 ccccccccce 

Section No. 3 

Section No. 4 

Ten per cent for contingencies and en- 
gineering expenses 

Add for medical and military depart- 
ments, interest upon capital during 
construction and transportation.... 


$1,005,565 
10,506,669 
29,147 ,067 


4,952,131 


25,000,000 


ee sdcuintal $79,473,440 


We may add that in the judgment of the 
surviving engineer, Mr. Sweet, 15 per cent 
instead of 10 per cent ought in this case to 
be added to the estimated cost to cover con- 
tingencies and engineering expenses. 

CoMMERCIAL ADVANTAGES AND VALUE 
or CANAL.—With the estimates of cost there 
were submitted also certain statistics to show 
the great value of this projected canal to 
shippers and to the public. According to 
one of these statements, the freight paid at 
San Francisco, on goods from the Atlantic 
in 1853 alone, being only a part of the trade, 
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as some freights were paid before shipping, 
was $9,911,432. 
At least three-quarters of this charge 
would be saved, or $7,433,574, or the 
interest at 6 per cent on a capital of $123,892,900 
The foreign trade of San Francisco 
would be benefited by one-half the 
freight, the amount of which paid at 
port in 1853 was $1,840,650. One- 
half is equal to the interest at 6 per 
15,338,750 
The foreign Pacific trade to the United 
States was carried out in 1854 in 961 
vessels outward bound and 895 en- 
tered home, showing that the trade 
is equivalent to more than two-thirds 
of that of California. It would, there- 
fore, in passing through the canal, 
make a corresponding saving for a 
sum equal tO,.....2eeeeeeeeecees 99,450,570 


Thus showing that the canal would save 

to the United States alone an annual 

interest on the sum of ..........+.$238,682,220 

There is also a table showing the number 
of vessels visiting the ports of the different 
countries of the Pacific beyond Cape Horn, 
the tonnage entering those ports, the tonnage 
and value of their exports and imports. With- 
out embodying details as to the several coun- 
tries, we give only totals. The number of 
vessels was 3,693. 
The tonnage of imports was......-.+- 
That of exports 


1,682,349 
1,586,349 


8,268,698 


Total tonnage. . 


eee 


$49, 815 ,000 


The valuation of exports was..... 
100,188, 000 


That of exports ..........+. 


Total val. of exports and imports, $150,003 ,000 
There was also attached to the report an 
interesting table, showing the savings in 
distance from New York to ten of the prin- 
cipal ports of the Pacific by the route of the 
contemplated canal over the two Cape routes, 
which we give in full, as follows : 





pe 


» | Saving in miles over 


From NewYork, 
to Ports. 


Good Hope. 
Horn. 
canal, 
Cape of Good Hope 


route. 
Cape Horn route. 


Distance via Cape of 
Distance via Isthmus 
Saving in miles over 


Distance via Ca 





Es 


Caleutta 
Canton.. 
Shanghai... 
Valparaiso. 
— 
uyaquil ..... ole 
Panama 


~ 


835 
2 


San Francisco. . 117,700 























117, 700 





This shows a saving in the several voya- 
ges, one to each of the three ports first 
named, of 22,600 miles over the Good Hope 
route, and a saving in a single voyage to 
each of the ports, by way of Cape Horn, of 
117,700 miles. 

Colonel Totten, in his report of 1866, on 
the progress of the Panama railroad, has a 
condensed table, in which he states that 
after deducting the British trade with Aus- 
tralia, the aggregate tonnage which doubled 
Cape Horn to and from the Pacific ports was 
Id £ORB 2. oc ccccccccccesecesecscesoccs 2,679,600 
There had been an actual increase for 

the ten previous years of 115 per cent. 

Estimating a like increase since 1855, 

we have an increase in addition to the 

above for the eight years from 1855 to 

1862 inclusive of..... 


see eee e eee . 


Or a total tonnage of...... 


The voyage of a ship of 1,200 tons, ‘off 
Sandy Hook, with a complete outfit, via San 
Francisco, via Cape Horn, costs $12,000, 
including running expenses for 145 days, or 
Per day..... Pinan ttnnheed aneciesapeace $82 75 
In this amount is included the i insurance of 

13 per cent on value of ship, averaged at 

$100,000. In consequence of cheapened 

insurance because of an avoidance of the 

Cape voyage, the expense per day by the 

Isthmus route will be reduced to 64 70 

$18 05 


$12,000 
3,882 


Or a saving per day of...........+. ° 


The total cost of a voyage of 145 days is... 
Of that of 60 days by canal 

Total saving ....cccccsccccesccece - $8,118 
The cost per ton on a vessel of the above 


burthen, via Cape Horn, will be 
Cant Win Bp Gah 06s cece vecsccccesss 


Saving of cost per ton....... 


Taking the statistics based on the report 
of our foreign commerce of 1853, we had a 
total tonnage estimated for 1864 of 5,000,000 
tons. The total saving on this amount at 
$6.77 per ton is $33,850,000. If the saving 
on insurance on cargo as well as vessel be 
estimated, the saving to commerce would be 
about the same as that shown by Mr. Kelly. 

ConcLusion.—It is evident, therefore, 
from statistics, that with the rapid develop- 
ment of the trade to and from our Western 
coast, as well as to other ports on the Chi- 
nese and Japan seas and the Pacific ocean, 
the time has fully arrived for the construc- 
tion of this long-mooted Ship Canal through 
the Isthmus of Panama; that its construc- 
tion cannot fail to be profitable to them who 
construct it, and still more profitable and 
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beneficent, directly to the commercial world, 
and indirectly to the whole people who pro- 
duce the articles of that commerce and to 
those who consume them. And, further, 
unless this canal be now speedily opened, 
the rich trade of the Asiatic coast will soon 
be largely concentrated, either by the Suez 
canal in European hands, or diverted to the 
cities of the Pacific slope, to the great loss 
of our Atlantic coast. 

Mr. Sweet, the principal assistant in the 
survey, the results of which are here given, 
has been long connected with the public 
works of New York. He is a man of great 
practical experience, skill, and unquestioned 
integrity, well and favorably known to the 
profession in this State. These pioneer sur- 
veys were partly, and the estimates of work 
and cost were wholly made by him; and 
since the death of McDougall, the chief en- 
gineer, no man could be found better adapted 
to conduct and superintend this great work 
to an economical and successful termination 
than this pioneer in the original survey. 


SCREW VS. PADDLE SHIPS. 


Extract from a paper discussing the types of steam- 
ships, by Norman W. Wheeler. 

The extreme depression of late years en- 
dured by the European steam navigation in- 
terest has produced the natural results of 
rendering prominent, and of bringing into 
somewhat extended use, better and more 
economical types of ships and marine steam 
machinery. The practical success attend- 
ing the efforts of Messrs. Randolph, Elder 
& Co., and others, in introducing economi- 
eal principles into steamship practice, may 
properly be taken as good warrant for the 
adoption here of the same principles. It 
affords the writer much pleasure to know 
that able European engineers have inde- 
pendently worked out and made successful 
general plans which he has persistently ad- 
vocated for more than twelve years, and in 
one instance reduced to successful practice. 

Many European steamship companies 
have altered, or are now altering, such of 
their old paddle-ships as are deemed worth 
the conversion, to accord with modern 
economical systems, and the more promi- 
nent and enterprising companies have utter- 
ly discarded the old and expensive practice 
comprising non-expansion, salt feed water, 
slow piston speed, and very narrow, deep 
ships. A few instances are noted below 
contrasting the performance of steamers un- 





der the old system with that of the same or 
like ships under the new, the authority 
being that of the French Society of Engi- 
neers. 

The French steamer Europe, 2,200 tons, 
and 900 nominal horse power, consumed an 
average of 1,158 tons of coal per trans- 
Atlantic voyage, the mean speed being 10.- 
75 miles per hour. The St. Laurient, with 
hull and boilers identical with those of the 
Europe, consumed 1045 tons of coal per 
trans-Atlantic voyage, the average speed 
being 11.9 miles per hour. The engines of 
the two ships, considered by themselves, are 
practically equal to each other in economy, 
and the difference in performance is solely 
due to the substitution of the screw for the 
paddle-wheel as an instrument of propul- 
sion. The chief gain in this case is in 
freight capacity; but the passages are re- 
duced by about seven hours, and 113 tons 
of coal are saved. 

These results decided the proprietors of 
the line to convert the paddle steamer 
Washington into a twin screw steamer, with 
improved engines, but without change of 
hull or boilers. With the former engines 
and paddle-wheels, the consumption averaged 
96 tons per day, and the speed 10 miles per 
hour. She now consumes 83 tons per day 
and averages 11.8 miles per hour. 

The commercial gain by the conversion is 
two days time in a trans-Atlantic voyage, 
335 tons of coal per passage, and an in- 
crease of freight capacity equal to the coal 
saved. If she were driven at her present 
speed by the old engines and wheels, the 
consumption would be 157 tons per day. If 
she were driven at her old speed by the new 
machinery the consumption would be 50 
tons per day, making a difference of 46 tons 
per day in one case, and 61 tons in the 
other. 

The Napoleon III averages 10.58 miles 
per hour, and consumes 115 tons per day. 
Messrs. Randolph, Elder & Co., have con- 
tracted to convert the ships into a twin 
screw steamer, with their system of steam 
machinery, guaranteeing a speed of 12 miles 
per hour with a daily consumption of 70 
tons. To drive this ship at the promised 
speed with the old machinery would require 
167 tons of coal per day, and to drive her 
at the old speed by the new machinery will 
require but 48 tons; a difference of 97 tons 
in one case and 67 tons in the other. * * * 

The steam yacht Octavia, the property of 
Mr. T. W. Kennard, is believed to be the 
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most economical ship extant, and the earli- 
est example of compound engines connected 
directly to the screw shaft. The hull and 
engines were designed by the writer, some 
of the leading features having been dictated 
by Mr. Kennard. The Octavia is a wooden, 
single screw steamer of 425 tons displace- 
ment at mean draft, fitted with one pair of 
Wolff cricket engines, with steam jackets, 
four to eight fold expansion, surface con- 
deuser, and flue and return tubular boilers. 
The engines develop 250 indicated horse- 


power, with the consumption of 300 Ib. of| 
anthracite coal per hour; the efficiency | 


being one horse-power per hour per 1.2 lb. 
coal, With the above indicated develop- 
meut of power and consumption of coal, she 
runs full 11 miles per hour in calm weather, 
as has been proved by repeated trials. In 
a winter cruise lasting 23 days (steaming 
time), with the wind varying from a full 
gale to a strong breeze, always in such di- 
rections that no sail could be carried, her 
average run per day was 200 miles, and the 
daily consumption four tons of anthracite. 
She is, however, capable of a much better 
performance. During the whole of the 
cruise the steam jackets were not used, but 
allowed to remain full of water, through a 
misapprehension of the engineers relating 
to steam traps. 

It will be fair to assume that with the 
power required for a calm weather speed of 
11 miles, her mean sea speed will be 9 miles 
per hour. 

It is well known that for similar ships of 
different tonnage, the power required to 
propel them at given speeds, below the 
wave speed of the shortest ship, varies as 
the squares of the cube roots of the ton- 
nages, and that for different speeds of the 
same ship, below the wave speed, the power 
required varies as the cubes of the speeds. 
These principles enable us to compare tbe 
Octavia’s performance with that of large 
commercial steamships. Let us assume a 
ship of 5,000 tons displacement, -having the 
characteristics of the Octavia, and compare 
the probable performance with that of the 
Pacific Mail 8S. 8. Great Republic. 

The last named ship sailed from San 
Francisco September 3d, 1867, and arrived 
at Hong Kong October 5th, the distance 
run being 6,623 miles by observations, the 
running time 691 hours, and the consump- 
tion 1,373 tons of coal, making the mean 
speed 9.586 miles per hour, and the con- 
sumption 4,451 lb. in the same time. For 


a similar speed of 9.586 miles per hour, the 
5,000 ton ship will require only 1,848 lb. of 
|eoal per hour, which is a trifle more than 
0.4 the consumption of the Great Republic 
for an equal speed. 

Were the Great Republic as economical a 
ship as the Octavia, she would make the 
trans-Pacific voyage in the same time as 
now, and consume but 824 tons of coal, sav- 
ing 549 tons, and adding so much to freight 
capacity. If the engine power of the 5,000 
ton ship were so much increased as to make 
the consumption per hour equal to that of 
the Great Republic, the speed would be 
12.9 miles per hour, the voyage be perform- 
ed in 5313 hours, saving 1774 hours time 
and 352 tons of coal, adding so much to 
freight capacity. If the engine power were 
further increased so that the consumption 
per mile would equal that of the Great Re- 
public, the speed would be 15.38 miles per 
hour, the consumption for the same time 
7,143 lb., and the voyage made in 431 hours, 
saving 260 hours time. 


LOCOMOTIVES FOR LONG RUNS. 


Compiled from ‘* The Engineer.” 


Express trains between important centers 
must be “through” trains in order that 
they may be worked with the greatest econ- 
omy at the highest speed. This condition 
is not invariably easy of fulfilment; and 
until the invention of the water trough and 
scoop, by Mr. Ramsbottom, they probably 
could not have been fulfilled at all. At this 
time it is certain that the advantages to be 
derived from long, continuous runs are not 
fully realized ; and it is more than probable 
that important changes in the method of 
working express traffic will be introduced 
before many years have elapsed. The Lon- 
don and North-Western Railway Company 
were among the first to perceive the advan- 
tages to be gained by traversing distances of 
seventy or eighty miles without a stop, and 
Mr. Ramsbottom placed at the disposal of 
his directors the means of traversing even 
greater distances without interruption. 

The full advantage of the water trough 
system was not taken, however, until the 
completion of the great Runcorn bridge; 
and the novel announcement that Liverpool 
is to be placed within four hours of London 
by express train was reserved for 1869. 
Liverpool is in round numbers 200 miles 
from London, vié Runcorn, and in order 
that it may be reached at 4 P.M. by a train 
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leaving London at 12 noon, it is necessary 
that an average speed of fifty miles per hour 
should be maintained the whole way. To 
accomplish such a feat will be no mean 
achievement; its regular daily performance 
will be a novelty in railway engineering, 
and it is worth while to consider what has 
to be done, and by what manner of engines 
the work can be best performed. It is ob- 
vious that the run from London to Liver- 
pool must be continuous. Each stoppage 
would consume at least three minutes dur- 
ing which the train would be standing ; 
while an equal time would be expended in 
the retardation and acceleration of the train. 
Whether an engine shall stop or not ob- 
viously depends on two things; first, its 
powers of carrying or taking in water and 
coal; and, secondly, its capacity for contin- 
uous exertion without examination or ad- 
justment of parts. The largest tenders yet 
made hold little more than 2,000 gallons of 
water, while, with their frames and wheels, 
they represent each « load of over twenty- 
two tons. But the supply of water which 
these tenders carry would not last for more 
than a third of the distance to be traversed. 
Therefore their tanks will be replenished en 
route by the aid of scoops. It is not prob- 
able that these express trains will ever be 
of great length; exclusive of engine and 
tender they are not likely to weigh much 
more than seventy tons. The engine we 
may set down at twenty-eight tons, making 
a gross load of, say, 100 tons. The addi- 
tion of a tender increases the whole load 
moved by say one-fifth, or the load to be 
drawn by the engine by two-sevenths. At 50 
miles per hour the resistance of the tender 
will average about 25 lb. per ton, or 500 lb. 
for twenty tons; and, in overcoming this 
resistance, the engine must do work each 
hour equivalent to 132,000,000 foot-pounds. 
And in four hours, that is to say, on the en- 
tire run, the duty will amount to 528,000,- 
000 of foot-pounds. Stated differently, 
more than 66 horse power indicated, will be 
expended by the engine in hauling the ten- 
der alone. As the water is consumed the 
resistance wiil be reduced a little ; but, all 
things considered, we are disposed to think 
that we have under, rather than over, rated 
the amount of power which will be required 
to propel a 2,000-gallon tender at 50 miles 
per hour. Arrived at this point, the first 
— which suggests itself is, naturally: 
8 it possible to dispense with the tender ? 
To this our answer must be in the affirma- 





tive. Seeing that we cannot do without 
water troughs, why not have more of them, 
and replace the 2,000 gallon tender by a 
400 gallon tank. It is absurd, practically, 
to abolish water cranes, and yet to retain an 
evil which was necessary only because noth- 
ing better than the water crane was known. 
By getting rid of the tender, more weight 
would be rendered available for adhesion, 
and all the working expenses would be ma~ 
terially reduced. We are not in a positiun 
to state accurately what the expense of ad- 
ditional water troughs would be; but the 
value of the suppressed tenders, and the 
economy effected by the suppression would 
go far to compensate for the extra expen- 
diture. 

Reasoning on the foregoing basis, we as- 
sume that the best engines for working the 
Liverpool express would be tank engines, 
carrying enough water to last them about 
fifteen miles. As the quantity of water 
taken in would be comparatively moderate, 
the troughs might be made much shorter 
than those now used to fill a large tender ; 
and the scoop arrangements are susceptible 
of modifications and improvements which 
would render the work of filling a certainty, 
instead of depending on the attention of the 
driver or stoker. 

As regards the other characteristics of the 
engines, it may be taken as proved that they 
must be large, powerful, and heavy machines. 
However well light locomotives may answer 
for moderate speeds and short runs, on the 
Liverpool trip they would be out of place. 
The work to be done is heavy, and the 
engines doing it must be not only well up to 
their work, but a good deal above it. Out- 
side cylinder engines, on eight wheels, four 
being coupled as drivers, and four placed in 
an Adams’ bogie in front, would probably 
answer very well.* The tank would be 
placed beneath the barrel of the boiler, and 
a coal-box might run at each side. The 
cylinders would be 18 in. by 24 in. stroke, 
and the wheels should not be less than 7 ft. 
in diameter. Boiler pressure 120 Ib. at 
most, and we should prefer to give the 
cylinder another inch of diameter, and to 
reduce the pressure to 1001b. It will be 
said that this is retrograde practice, but we 
know that steam of great pressure and high 
temperature is very injurious to packing, and 
even to the iron of the cylinder and valve 
faces, which it is not easy to lubricate prop- 





* This looks very like an American locomotive.— 
Ep. V. E. M. 
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erly under the conditions, and it is by no 
means improbable that on long runs, during 
which no water can find its way to the 
cylinder, more trouble may be caused by 
high steam than it is worth—trouble which 
would not be encountered at all if the runs 
were short. All the working parts should 
be stronger than usual, and rubbing surfaces 
should have much larger dimensions than are 
commonly given to them. 

While considering this portion of the 
subject it may be worth while to illustrate 
in a compact form the work which the Liver- 
pool express engines must execute. The 
driving wheels being 7 ft. in diameter will 
make 240 revolutions per mile, or 48,000 
revolutions in running from London to 
Liverpool. When traveling at fifty miles 
an hour, 7 ft. wheels will make 200 revolu- 
tions per minute. It will require good fitting 
and lubrication to enable a couple of shafts 
running in four bearings, each sustaining 
four tons, to make 48,000 revolutions with- 
out ceasing for a moment, at the rate of 200 
per minute, without heating or cutting du- 
ting the four hours which must elapse before 
they can receive any proper inspection or 
attention ; and the same holds good of the 
big ends of the connecting rods, the eccen- 
trics and straps, ete. Each piston will pass 
through a distance of 192,000 feet, or near- 
ly 363 miles, in the course of the trip, and 
the contents of each stuffing box will be at 
the end of the journey as though a rod of 
iron 363 miles long had been drawn through 
at the rate of 800 feet per minute. We say 
nothing of the concussive strains due to the 
speed. It will be seen that the conditions 
are severer, however, than those under which 
locomotives constantly work with great 
success, save in one important respect. 
When engines stop to take in water, an op- 
portunity is afforded for at least a cursory 
examination, which an experienced driver is 
prompt to avail himself of; and it is possi- 
ble to attend to a hot bearing or to fill upan 
exhausted lubricator. But the continuous 
exertion of nearly the maximum power of a 
large locomotive for a period of four hours 
is a condition which has never yet obtained 
in regular railway practice. We have no 
doubt whatever that the difficulties which 
may arise will be easily overcome ; but we 
think it highly probable that it will be found 
expedient to design locomotives for this kind 
of service which will differ in not a few re- 
spects from those types of express engines 
now regarded as the best possible. 








EXPERIMENTS WITH THE RODMAN GUN 
IN ENGLAND. : 

The 15-inch Rodman Gun, which some 
time since gave the British authorities a new 
idea of American ordnance, has again been 
fired—ata 20-in. target—with rather destruc- 
tive effects upon the armor. The result is 
considered highly satisfactory as establish- 
ing the superiority of English shot! The 
**Mechanic’s Magazine”’ gives the following 
account of the trial : 

The gun was laid against the Plymouth 
casemate at 200 yards range. The powder 
charge was 83} |b. of large grain powder, 
and the three shots fired weighed 457 lb., 
451 lb., and 450 lb. respectively. The new 
shot are spherical, and are made from a 
mixture of cast and refined iron at the Wool- 
wich Laboratory, upon the method patented 
by Dr. D. S. Price, the original material 
having been first proposed by him to the 
Iron Plate Committee of 1862, both for pro- 
jectiles and guns. The three rounds fired 
were highly interesting, as proving that 
round shot for large smooth-bore guns can be 
made in England of superior quality to the 
American shot. They, moreover, possess 
this advantage, that whilst the American 
shot are all turned true by machinery, these 
shots are cast in moulds with such exacti- 
tude as to be ready for use without any such 
subsequent mechanical operation. The three 
Price’s shots fired on the present occasion 
were true to the 1-300th of an inch, and 
passed through the gauging rings both ways 
with exactitude. 

The first round with the 457 lb. shot 
struck the 20-inch thick portion of the Ply- 
mouth casemate, making an indent 15} in. 
across, and 5 in. deep, the indent, being 
saucer-shaped, with very steep rounded sides 
9 in. below the indent was a curved crack, 
2 ft. 4 in. in length ; and, above it, a crack 
extended diagonally 9 in. to an empty bolt- 
hole, and thence beyond to the upper proper 
left corner of the lower portion of the plate. 
From the above bolt-hole, another crack ran 
off at right angles to the first. A large trian- 
gular piece of the covering plate, measur- 
ing 3 ft. 8 in. by 11 in. by 16 in., was carried 
away. The head of a 3-in. through bolt was 
also broken off, whilst behind the plate the 
5-in. face plate of the proper 15-in. thick 
structure of the casemate was indented and 
buckled. At the rear of the casemate, the 
vertical buttress on the left proper of the 
port was bent ; another vertical buttress 2 ft. 
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to the left was also bent. The second round 
was with the 451 Ib. shot, which struck the 
15 in. portion near the port-hole. More 
than half the shot remained fixed in the 
plate, plugging the indent, the centre of which 
was 3 ft. 11 in. from the granite base, the up- 
per circumference of the shot being only 2 in. 
away from the upper edge of the plate. The 
metal here was split through, but there was 
no other fissure in the plate in direct connec- 
tion with the shot-hole. Cracks extended 
in various directions, and at the rear con- 
siderable damage was done. The 450 lb. 
shot, in the third round, took effect on the 
upper portion of the proper left wing of the 
casemate, where it was 20 in. thick. It 
brought down two large pieces of the plate, 
which had been battered in previous experi- 
ments. The centre of the indent was 16 in. 
from the proper right edge of the covering 
plate, adjoining and in line with the upper 
part of the port, the shot-hole being plugged 
by more than half the shot, which remained 
in it. At the rear, the vertical buttress on 
the left of the port-hole was bulged and 
otherwise slightly damaged. 

The striking velocities of the shot were as 
follows :—Round one, 1,360 ft. per second ; 
round two, 1,370 ft. ; and round three, 1,383 
ft. The general effects upon the Plymouth 
casemate structure were very remarkable, 
in the flaking away of the thick face and 
covering plates, and in the bursting out of 
large portions of the rear planks and vertical 
struts. The first action of impact upon the 
front plates was to block out squarish areas 
by the extension of the old fissures of former 
rifle-shot wounds; then the effect of the 
vibration of the layers of iron plates and 
planks against each other was to cast these 
blocked-out spaces to the front, a peeling 
action tending to the rapid distintegration of 
the iron wall. The results were highly satis- 
factory in establishing the valuable character 
of the metal of which the shotwere composed. 


TATE Room Cars.—Much has been done 
for the comfort of night travelers, es- 
pecially on our through lines to the West, 
and in the West. Only one of our roads— 
the Hudson River—is running upon every 
important day passenger train, a thoroughly 
luxurious car with really comfortable arm- 
chairs, as well as large and small compart- 
ments for private parties. This American 
type of first-class car has many advantages 
over the English type coming into use about 
New England. 





ew Works or THE CuIcaGgo, Rock 
IsLAND AND PaciFric RAILROAD.— 
These works are described in great detail 
in the Chicago “‘ Railway Review.” They 
are situated outside the southern limits of 
Chicago. The arrangement of the build- 
ings is especially designed to save labor in 
handling material. They are built of brick 
with iron roofs. The machine shop is 336 
X112 ft., and 18 ft. high, with a wing 36x 
50. One end is two stories high, with 
offices and drawing-room above, and offices, 
store-rooms, and tool-room, below. <A 
longitudinal track runs through the middle, 
on one side of which are fifteen transverse 
tracks with drop tables; they are connected 
by a transfer table outside. The other side 
of the building is filled with Bement and 
Dougherty’s tools, including three five-ton 
cranes, a double and a single wheel lathe, 
four radial drills, a quartering machine, an 
axle lathe, a 90 in. boring machine, a wheel 
boring machine, slotting, shaping and drill- 
ing machines, and lathes and planers in 
abundance. The boiler and smith shop is 
344 x80 ft.; the boiler end being 92 ft. long. 
It has a central railway track, and is pro- 
vided with all the necessary tools. The 
smith shop has 36 fires and two steam ham- 
mers of 1,000 and 1,500 lb. each, and a 
scrap furnace. The Round House has an 
entire diameter of 278 ft.; the diameter of 
its inside space (turn-table in center, 23 ft. 
in diameter), is 158 ft.; the house part (roof 
pitching both ways), 60 ft.; containing 40 
stalls; pits 40 ft. long; 12 ft. wide on the 
inner circle, from center to center of pier. 
The car shop is 252 x 80 ft., and 20ft. high, 
in two stories, with a wing 20080 ft. A 
foundry 130 x 60, with two wings 30 x 30 ft. 
is projected. 

The entire cost of the works, thus far, is 
$550,000. The master mechanic is Mr. T. 
L. Twombly. The master car builder is 
Mr. J. L. Fogg. 


i ELLERSHAUSEN ProcEss.—We have 
avery complete account of the rolling 
mill results of converting several kinds of 


iron by this process. Analyses are now 
being made, of the pig irons, ores, tap-cin- 
ders and puddle-bars. When they‘are com- 
pleted, we shall publish the whole. The 
general result is a large loss of ore as com- 
pared with puddling, but an improve- 
ment of the iron, especially of a cold-short 
iron made from hematite ores, when treated 
with magnetic ores. 
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IRON AND STEEL NOTES. 


Wa Propuce or THE Wortp 1n AppRoxi- 
MATE FiGuREes, EXPRESSED IN GERMAN Cwrs. 
By Pror. Tunner. 


From the ‘Scientific American.” 
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Be RussEtt anp Sons Works, WEDNESBURY. 
—This extensive establishment is one of the 
oldest in Great Britain for the manufacture of gas, 
The concern dates 
back, indeed, to 1816; and Russell’s first tube patent 
was taken out in 1824. A portion of the works 
is occupied in the manufacture of taper tubes, for 
telegraph posts in India. It has been found im- 
practicable to use wood, as the insects destroy it 
rapidly. By means of novel and ingenious machin- 
ery, the taper tubes can be turned out as readily as 
if they were of uniform diameter. <A large quan- 
tity of small tubing is manufactured for bedstead 
stuff, and is consumed in the neighboring district. 
These tubes are cut into lengths, and are polished 
by being placed in a rotating cylinder for a length 
of time. The pieces of strip to be made into tubes 
are first subjected to the action of a bending ma- 
chine (a crocodile, as it is not inaptly termed), and 
in this way they are roughly shaped. They are then 
put into a Siemens heating furnace, and when a 
welding temperature has been obtained, the iron is 
drawn through the proper molding apparatus, and 
becomes a perfectly welded tube. The hot tubes 
are next under huge slabs, and are speedily 
straightened. In this department there are seven 
Siemens furnaces in operation. 

The boilers in these works are constructed en- 
tirely of tubes, secured together by a junction that 
allows of the removal of single tubes in a most ex- 
peditious manner. The water is forced through the 
system of tubes, and is thus made to pass over the 
fire 26 times. The whole arrangement is cased in a 
plate-iron chamber. It is impossible that any serious 
accident can happen from explosion with this mul- 
titubular boiler; for if a tube burst it is a matter of 
only trifling inconvenience, and the defect can be 
remedied in an hour. The boiler will evaporate 6 
to 9 lb. of water with 1 Ib. of small coal. This class 
of boiler only requires to be more generally known 
to be more extensively adopted, especially in con- 
fined situations, where an explosion would produce 
the most disastrous effects. 

Another department of the works is devoted to 
the mannfacture of spiral coils for tuyeres, &c., and 
of connections of various kinds. A considerable 
area is occupied with furnaces for the manufacture 
of lapweided locomotive tubes, which is a branch of 
the trade specially developed by this firm. There 
is nothing peculiar in the manipulation of these 
pipes, though, of course, more care is required in 
the manufacture, and a higher quality of strip is re- 
quired. The pipes, when made, are all tested by 
steam and hydraulic pressure. The foundry depart-- 
ment includes the manufacture of all kinds of brass: 
cocks, taps and fittings required in connection with: 
tubes. The screwing shops are necessarily very ex-- 
tensive, and here the latest improvements have been, 
introduced for performing the operations in the most 
expeditious and economical manner. The double: 
screw-machines are patented by the manager, and 
are a great advance upon the methods usually 
adopted. In connection with the welding of boiler: 
tubes we ought to mention a double furnace that is : 
in successful operation, the grate being so arranged 
that two sets of tubes can be heated and worked at 
the same time from the opposite ends of the fur-- 
nace. The longest tube made in these works is 34 
ft. 1 in.; the largest is 15 in. in diameter. The 
larger sizes of tubes are in some cases used for cu- 
rious purposes, one application being for ordinary - 
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gate posts. The heaviest tubes made weigh as 
much as from 16 to 17 cwt. each. The extent of 
the operations carried on by this firm may be esti- 
mated from the fact that about 140 tons of finished 
iron are used up per week, and that the total length 
of tubing turned out per annum averages from six 
to eight million lineal feet. The works cover an 
extent of nearly four acres, and the number of peo- 
ple employed generally averages about 400. A 
short time ago the firm passed into the hands of a 
limited company, though the management remains 
substantially what it was previously. Mr. Joseph 
Smith is the general manager of the concern, and 
Mr. Lambton Brown the practical manager.—Min- 
ing Journal. 


Novetty 1n Buast-Furnace anv CupoLa 

Pracrice.—Messrs. L. Sibert, D. C. E. Brady, 
of Buffalo Forge, and J. D. Imboden and S. M. 
Barton, of Richmond, Virginia, U.S., have patent- 
ed a new method of treating iron ores while in pro- 
cess of reduction in a blast-furnace, and of treating 
cast-iron in a cupola or other melting furnace for 
the production of steel or a superior quality of iron. 
It also relates toa method of treating the molten 
metal after it has left the blast or melting furnace, 
but while it is retained in a molten state, for the 
purpose of effecting a more complete purification. 
The first part of the invention relating to the treat- 
ment of the ore or iron in the reducing or melting 
furnace consists in the use of a flux composed of 
manganese and common salt with limestone or shells, 
such flux being introduced into the furnace to or 
with the ore or iron, and acting upon the ore or iron 
during and after its fusion and while subjected to 
the action of the blast to decarbonise it, and to 
cause the expulsion and carrying off of silicon, 
sulphur, phosphorus, and other impurities, and 
bring the iron to such astate that on its being simply 
cast into moulds it will have the character of 
cast-steel, and may be used for various purposes 
without further manipulation, or may be sub- 
jected to hammering and rolling to reduce it to 
bars for the manufacture of tools or other articles 
requiring hardness and temper.* The method of 
introducing the flux to the furnace may be the same 
as that of introducing any other flux, but in order 
to prevent the salt from sinking too rapidly through 
the furnace it is proposed generally to reduce it by 
water to a saturated solution, and to throw or 
sprinkle this solution upon the ore or pig or cast- 
iron, and allow or cause its water to evaporate be- 
fore introducing the ore or metal to the furnace.t 
The fuel and ore or metal may then be introduced 
to the furnace in the usual manner, and the requi- 
site quantities of manganese and limestone or shells 
introduced above each charge of ore, and the opéra- 
tion of reducing or melting be proceeded with in 
the usual manner. The quantity of the flux employ- 
ed may be varied according to the quality of the 
ore or iron to be treated. In aid of the manganese, 
and to some extent as a substitute for it, there may 
be used iron ores of qualities containing large pro- 
portions of oxygen, and by such use of such ores or of 
crude metal more or less highly carbonised the fused 
mass may be operated upon to regulate and grade 





*Fluxing with manganese and salt is not new, but the 
production of tool steel ingots from the blast-furnace by 
means of such fluxes ‘would bea novelty indeed.—Ep. V. 
N 


s Mag. 
t See Van Nosirand’s Magazine, No. 2, page 142. 





the quality of the metal produced. When the steel 
or refined iron thus produced is tobe made by 
hammering or rolling, or both, into bars of suitable 
shape for the manufacture of tools or other articles, 
it may be run from the reducing or melting furnace 
into heated ingot moulds of cast-iron, and then 
covered with powdered manganese, and the moulds 
set in a heating furnace and kept at a uniform high 
heat, but not in a molten state, for several hours, 
or until the metal has parted with a portion of' its 
carbon which is taken up by the oxygen in the 
Manganese, and has become of a more steel-like 
character. The metal having been thus kept at a 
uniform high temperature for a long time is cooled 
slowly in the furnace, and in the process of cry- 
stallisation under these conditions the molecules 
arrange themselves in such relation that the metal 
after hammering and rolling possesses the fiexibility 
and tenactity of cast-steel. When it is desired to 
give the metal a higher quality, resembling that of 
the better qualities of cast-steel, instead of running 
it from the reducing or melting furnace into ingot 
moulds as hereinbefore described, it is run into 
crucibles which are placed in a heating furnace, 
wherein it is kept in a molten state for several hours 
before casting into bars or ingots, or other forms, 
and about from 20 to 30 minutes before casting, 
there is introduced and stirred into it sulphate of 
magnesia in the proportion of about one part by 
weight to every 1000 parts of the metal.—M ining 
Journal. 


= LurMANN ImproveMENT IN Buast Fur- 
nacEes.—The use of Lurmann’s improved blast 
furnaces, with closed fronts, (introduced into this 
country by Mr. Asmus) is making rapid progress on 
both sides of the Atlantic. In Germany it finds 
universal adoption. Very satisfactory reports have 
been received from a number of charcoal, anthracite 
and coke furnaces in the United States. The claims 
of the inventor, seem in most cases to have been more 
than realized. The weekly production is increased 
fifteen per cent. and upwards ; while that which was 
formerly considered the most arduous portion of 
the labor at the furnaces is entirely abolished. 

Among the establishments at which this patent 
cinder-block is now in operation, we may mention 
the Thomas Iron Works, Hockendouqua, Pa. ; 
Shoneberger, Blair & Co., Pittsburg ; Brady’s 
Bend Iron Co., Pa.; Carbon Iron Co., Parry- 
ville, Pa. ; Northampton Iron Co., Bethlehem, Pa. ; 
Sligo Furnace, Pa. (charcoal) ; Pennsylvania Fur- 
nace (charcoal) ; Muirkirk Furnace, Md., (char- 
coal) ; Cleveland Rolling Mill Co. ; Chicago Iron 
Co. ; and New Jersey Zinc Co., Newark, N. J. 

In a few cases, the introduction of the new im- 
provenient has not been attended with satisfactory 
results ; but superintendents and workmen will 
hardly be able, in view of its universal success, to 
satisfy their employers that the fault is in the prin- 
ciple of the invention itself. It is not surprising 
that prejudice and private interests should in many 
cases delay the introduction of really beneficial im- 
provements ; and on failure arising from such 
causes, we shall waste no words at present. We 
think it well however, to warn American iron- 
masters against one of their own besetting sins, 
which, in the present instance, may lead to unneces- 
sary disappointment. 

In trying an invention like Lurmann’s cinder- 
block, which has been already endorsed by experi- 
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ence, an iron-master, who is not yet familiar with it | care, however, that no coal be mixed with the ore, 
should follow strictly the directions of the inventor. | which would in such case become carburated, the 
One of the great difficulties with which this im-| result being cast-iron or steel. In making steel the 
provement has had to contend has been the itching | process is substantially the same as for cast or 
desire of American metallurgists to vary it before | wrought-iron.—Mining Journal. 

they had tried it. Many are afraid that the cinder 
will not run through a hole so small as the drawings | 
prescribe ; and they at once increase the bore of 
the cinder discharge, thereby materially lessening 
the advantages which it secures, by necesssitating a 
periodical stoppage of the blast. One inch and a 
half at the narrowest part is large enough diameter 
of cinder-discharge for the largest anthracite fur- 
nace. If these dimensions are exceeded, the blast 
soon follows the cinder with such force, that it must 
be turned off or slackened to allow the opening to 
be closed. We do not insist upon a continuous dis- 
charge of cinder, though Lurmann himself has 
obtained in this way the best results ; but we think 
both fairness and prudence should lead our furnace 
men to adhere to the proportions and constructions 
he proposes, until they have used them long enough 
to be certain they can better them.—American 
Journal of Mining. 


RODUCTION OF LARGE Homogeneous MASSES OF 
Wroveut-Iroxn.—Some years since, the weld- 
| ing of two or more puddied balls into one, under a 
steam hammer, was practised in Wales, and, by 
this means, large masses were produced, but the 
process was not satisfuctory, because the surfaces of 
the balls became oxidized, and good union could 
not always be secured between them in consequence. 
Puddled balls are now welded in the same way, 
both at Consett Iron Works, Durham, and on the 
continent of Eurepe, but the process is, in both 
cases, open to the objection we have just pointed 
out. Now, by welding the puddied balls together 
ina furnace, according to the invention of Mr. 
John Harris, of the Harefield Iron Works, Middle- 
sex, and Mr. Vaughan Pendred, of London, (Editor 
of ‘“‘the Engineer,’’).a perfect union is secured, 
because the iron at the time of welding is surround- 
ed by a deoxidizing or neutral flame, caused to be 
ne or Iron AnD STEEL—NEW Pro-| present in the forging hearth by regulating the 
CESsES.—Messrs. A. Ponsard and F. E. Boy- | damper. The formation of scale is thus effectually 
enval, of Paris, have patented a peculiar process | prevented on the faces to be united ; the iron or 
and furnace for manufacturing cast and wrought | steel, too, being maintained at a high temperature, 
iron and steel whereby the costly blast-furnaces | the cinder or slag is kept tluid or lively, and may 
hitherto employed are dispensed with. The furnace | be the better expelled. Another advantage is that 
is constructed similar to a reverberatory furnace, | the cost of producing rails, armour-plates, ete., will 
with a double sloping hearth for the collection of | thus be much reduced, because a mass of homo- 
the molten metal. The hearth is heated either by | geneous iron or steel may be made at once of suf- 
an ordinary furnace, or by gas. Upon each of the | ficient size to form a rail, armour-plate, or shaft, 
sloping sides of the hearth rest the lower ends of a| and the process of reheating, cutting, and piling, 
number of vertical fire-clay tubes or crucibles, with- | may, therefore, be dispensed with. 
out bottoms, such tubes entering at their upperends| The machinery for effecting the process is fully 
, With holes in the roof of the furnace, which roof is | illustrated in the “‘ Mechanic’s Magazine ’’ of Feb. 
covered by a cast-iron plate, forming a platform, | 26, 1869. Two horizontal steam hammers on op- 
and being provided with moveable lids which fit | posite sides of a heating furnace, strike, through 
over the mouths of the different springs leading | suitable openings, upon the masses within the fur- 
down into the tubes. The ore, fluxes, and fuel are | nace. A similar process for building up great guns 
fed into the several tubes from the platform ; the | was devised by Alonzo Hitchcock, an American 
flames circulating round the exteriors of the tubes Engineer, during the late war, and is illustrated on 
effect the fusion of the ore without coming into page 386 of “‘Ordnance and Armor.’’ Gas weld- 
contact therewith, the small amount of fuel contain- | ing in its various applications is considered by ex- 
ed inside the tubes along with the ore and flux, in| perts to be one of the most promising directions of 
order to effect the deoxidation of the ore and the | improvement in iron construction. The results of 
carburation of the metal, should be of the best | Bertram’s gas welding of boilers and girders is well 
— It will thus be seen that two distinct kinds | known. 
of fuel are employed—the ordinary fuel, for the . 
purpose of Po tg can 6 aun ey ae ails beg Bap anv Burnep Steen.—aA locksmith 
only a small proportion is required. The molten of Mulhouse, named Herrenschmidt, claims to 
cast-iron runs out of the bottoms of the vertical have discovered a mixture which is said to give to 
tubes and down the sloping sides of the hearth, and the commonest steel the grain and the temper of 
as fast as the contents of the tubes subside or the finest cast metal, and, moreover, to have the 
descend fresh supplies of ore, fuel, and flux are power of bringing back the original quality of steel 
added, thus rendering the process continuous. The which has been burnt. The mixture is composed #s 
molten metal is run off through a tapping hole in follows: With 16 litres of distilled water mix one 
the side of the furnace, and the slag is removed kilogramme of hydrochloric acid, 19 grammes cf 
through a separate opening Sens Ghee 60 tome Go nitric acid at 36 deg., 21 grammes of sulphate of 
required. i one SS ee a — p.- a — 
le mekine wre 4 ;. | is to be placed a piece of cast iron of the first fusion, 
employed, .. ; ee a aoe > weighing 100 grammes; when the acid mixture has 
from the ore. The ore employed should be first acted on the iron for 24 hours, the composition is 
reduced to a metallic state, by subjecting it to an ready for use in the ordinary way, and it remains 
elevated temperature in a furnace in contact with apegies OES Sat ceed. ; 
the fuel. The ore thus reduced is introduced into ESSEMER STEEL IN France.—The production of 
the vertical fire-clay tubes, and the process con- Bessemer steel last.year in France was 42,601 
tinued as for the production of cast-iron, taking | tons; in this total rails figured for 25,760 tons. 
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oe Hyprocarbons ror SMettinc.—The 
improvements in the use of hydrocarbonaceous 
fuids in combination with super-heated steam for 
ihe purpose of smelting, working of metals, ete., 
provisionally specified by Mr. Paul Rapsey Hodge, 
<f London consist in the use of compound jets, 
wherein the steam and hydrocarbons are brought 
together at the same time in their proper equivalents 
to produce proper combustion. If for smelting or 
melting purposes for any of the metals, he inserts a 
compound jet in combination with, or in close proxi- 
mity to, the tuyere holes or blast, so that the flame 
and heat arising from the combination of these two 
elements may unite and commingle with the other 
combustibles of the cupola, and reduce the 
“‘charge.’”’ He further proposes the use of these 
compound jets in the smelting, melting refining, or 
annealing of iron, brass, copper, lead, tin, silver, 
gold, ro any other metal, either in the cupola, rever- 
beratory, or annealing furnace, or in furnaces wherein 
the metals are reduced or melted in pots. He uses 
the compound jets of hydrocarbon and steam in the 
heating and re-heating of metals for forging, weld- 
ing, or brazing, as in the manufacture of iron or 
brass tubes, and by distributing these jets at such 
distances as will emit their flame to produce a 
uniform heat throughout the whole length of the 
furnace, such jets to be used either in combination 
with or without any other fuel. The compound 
jets are also applicable for the calcination of 
metalliferous ores, and for other purposes.—M ining 
Journal. 


TILIziIn@ Otp Steet Rarts anp Rat Enps.— 
Mr. J. Thompson, of Stafford, England, has 
lately patented two improvements in this direction, 
both of which, however, have been previously prac- 
tised in this country. His process is first, by divid- 
ing the rail, that is to say, passing it between rolls, 
so turned and arranged that they present V shaped 
projections to the heated metal passed between 
them, which has the effect of dividing the mass into 
many parts, which are afterwards rolled down into 
bars, &c. And. secondly, his improvements consist 
in so arranging his rolls that the thinner portions, 
such as the intermediate part of the top and bottom 
of a rail, shall be supported while the larger por- 
tions are reduced Thus by a series of rolls or 
grooves, a rail end may be first reduced to a flat 
mass, and then compressed or rolled edgeway, so 
that the middle portion shall be wrought and be 
subjected to the beneficial effects imparted by the 
processes, until the whole mass is reduced down to 
a bar of a suitable or desired form in its transverse 
section. In no case is the metal, while under ope- 
ration, allowed to overlap, an effect he entirely 
avoids, as the description of metal named will not 
weld like ordinary iron or steel. 


i ee Fiexion oF Iron anv Steet.—The results 
of all the experiments on flexion are thus briefly 
summed up by Mr. Styffe, in his new work (review- 
ed on another page) on iron and steel : 

1. Iron sustains at low temperatures a greater and 
at high temperatures a smaller load than at the 
ordinary temperature, before it obtains any percep- 
tible permanent deflection. 

2. The modulus of elasticity for steel and iron on 
flexion may, for practical purposes and without 
committing any considerable error, be generally as- 
sumed equal to that on traction. It is diminished 





by permanent deflection, but may be restored by 
heating, especially if raised to a red heat. 

8. By hardening steel, its modulus of elasticity is 
diminished; but this diminution has not, in any of 
the hardened bars examined, amounted to more 
than about three per cent. 

4. The elastic force of steel and iron on flexion, 
as on traction, is increased on reduction of tempe- 
rature and diminished on elevation of temperature. 
The amount of this increase or decrease for a change 
of temperature equal to 1.8 deg. Fah. (1 deg. Cent.) 
does not, however, in general amount to more than 
0.03 per cent, and apparently never rises to 0.05 
per. cent. 


He Bessemer Steet Trape.—It is understood 

that Mr. Bessemer has signified his willingness 
to reduce his royalties from £2 to 2s. 6d. per ton, 
except for steel rails, for which a rebate of 20s. per 
ton is already allowed. Ordinary Bessemer steel 
will thus be reduced nearly £2 per ton, and rails 
about £1 10s. This will remove all inducements 
which might otherwise exist to infringe the patent- 
rights remaining to Mr. Bessemer after the expiry 
of his principal patents in the course of next year, 
and at the same time will give an impetus to the 
steel rail trade, by permitting the steel rails to be 
sold in the market at a price but little higher than 
that of iron. If the Heaton process should solve 
the question of converting cheap pig iron into steel, 
iron rails may, probably, be entirely displaced.— 
Mining Journal. 


ORDNANCE AND NAVAL NOTES. 


OMPARISON BETWEEN PoLyGoNAL AND StuDDED 
Prosectites.—Under the above heading we 
have a very suggestive paper from the pen of Mr. 
Joseph Whitworth. In this paper Whitworth pro- 
jectiles cast with rifled polygonal surfaces are con & 
pared with Woolwich projectiles, with dove-tailed 
recesses for the insertion of soft metal studs to give 
rotation. The subject is treated under three heads. 
1. Simplicity and Economy of Production—Poly- 
gonal.—Projectiles for field guns are fired as they 
are cast, just as in the case of smooth bores. For 
large guns, they are planed or shaped, one machine 
only being required. The time occupied in rifling 
a 9-inch shell, weighing 300 Ib., is only twelve 
minutes. In studded projectiles the body of the 
shot has to be cast with recesses for the studs, or 
they have to be drilled in, and recessed with cut- 
ters. In either case these recesses are a source of 
weakness, rendering the shell liable to break up in 
the bore of the gun. The 9-inch projectile has 12 
studs inserted in it, by pressure, each one requiring at- 
tention; there are also six different surfaces to attend 
to, viz: The body of the shot, the outer cireumfer- 
ences of the studs, the right and left sides of the 
rear studs, and the right and left sides of the front 
studs, which are made narrower than the rear studs, 
on account of the increasing pitch. The projectile 
for field guns has six brass studs fitted into it. 
Studded projectiles have in their manufacture to 
pass through several workmen’s hands, and costly 
machines have to be employed, viz: lathes or 
grinding machines, drilling and punching machines, 
in addition to the rifing machines. The cost of 
wages for the large projectiles is many times greater 
than for those of the polygonal system; the cost of 
the metal for studs is also considerable; and to this 
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must be added the cost of a packing case or thick | used in America, in spite of any possible increase 
canvass bag for each projectile, on account of the | of caliber, is inferior to the rifle-bore in its effect on 
soft metal studs being liable to injury if one pro-| such armour. The English experiments on:plated 
jectile is allowed to rest upon or knock against | land fortresses were highly interesting, as they show 
another. In the penetration of armour plates the | that, unde: favorable circumstances, twelve-pound- 
studs are an obstruction, and the power required to | ers are equal to attacking the strongest plating. At 
shear them off is so much deducted from the force | present the sides of ships covered with eight or 
of the projectile. | nine inch plates, like those of the English Hercules, 
2. Area of Bearing Surfaces——For a 9-inch jare no protection against the heavy artillery now 
polygonal projectile, the rifled surfaces which both | on trial. While the English tubes are formed of 
support and rotate the shot have an area of 187 in. | wrought iron, France and Sweden use cast iron, and 
The 12 studs of a 9-inch Palliser projectile have a | Prussia, Russia and Belgium, cast steel. As mate- 
circumferential area of 18 in. for supporting the | rial for projectiles use is made of cast steel and 
shot, but the area of the sides of the six rear studs, | i hard cast iron prepared in England by Palliser, and 
by which the rotary motion is given, is only 1-6 in. | in Germany by Gruson. That cast in Germany 
No practical engineer would think of providing so | most closely approaches cast steel, as the balls m:.d: 
small a surface to give even a small amount of rota- ‘of it penetrate the plating without being broken, as 
tion to a body weighing 250 Ib., much less when the | those of Palliser are. The chief advantage of hard 
rotation of the shot at the muzzle of the gun has | cast iron is its great cheapness when compared wit) 
to be at the rate of about 2,400 revolutions per steel. An important problem with respect to sieg» 
minute. The increasing pitch which has been | trains, and those intended for the defence of fortifi- 
adopted prevents the use of more than one stud in | ‘cations, is the placing of the guns behind earth- 
each groove for giving rotation. This varying curve | | works, so that the men that serve them may be 
is the worst possible mode of impaiting rotation, | cov ered without the range being obstructed or nat- 
for each rear stud can only bear against the side of | rowed. The Prussian system is inferior to the Eng- 
the groove of the gun on a line of its surface, on | lish one in this respect, but Mr. Moncrief attains his 
account of the ever varying curve, except by ex-|end by means of a complex mechanical arrange- 
cessive pressure, which jams and distorts the soft | ment, and at a far greater expense. The prismatic 
metal, and occasions liability to accident. The | powder is now much used for heavy artillery. In 
greater the amount of windage, the greater will be | conclusion, attention is called to the fact that, in 
the liability to accident. | spite of all activity and all endeavors after perfe co 
3. Centring of the Shot in the Bore.—In starting, | tion, we are still far from having brought the mat- 
the polygona al projectile centres itself, so that its | ter to a definite conclusion. It is true that time 


axis coincides with the axis of the gun, and it is| and circumstance often force us to make a choice, 
propelled through the bore with a steady equable | but we have not yet attained a point from which 


motion. The studded projectile in startihg does | the end can be seen.—Kreutz- Zeitung. 
not rise and centre ‘itself parallel with the axis of 
the bore, but lies on the bottom ; consequently, the HE Enousa Guys anp Gun Factrory.—Eng- 
gases and unconsumed powder pass over the pro- lishmen have reason to be proud of Wool- 
jectile, causing excessive scoring, and tending to | wich as it now is, grumblingly as they may pay the 
keep the shot down, thus giving increased pressure | bills which the great national arsenal involves. 
to the outer surfaces of the studs, particularly those | There is there that high order of engincering 
of the rear, and adding to the irregular and vibra- | thought, engrafted upon Sir William Armstrong’s 
tory motion as it is propelled through the bore, and | best but not always useful thoughts, of which all 
the greater the windage, the more unsteady will be | Englishmen may congratulate themselves. There 
the motion. is the highest order of skill, perfected by the longer, 
steadier, more sober training, of which we may 
1ELD ARTILLERY.—With respect to field artil- | justly boast as a nation, when compared with other 
lery, but few important changes occurred in the | industrial nations. To see old cast iron guns pud- 
course of last year. For the most part the systems | dled into good bars, to see them welded up to 
adopted have merely been developed and carried | lengths of from 150 ft. to even 270 ft., to see these 
out. England alone has adopted a new plan by | heated ina heating furnace 190 ft. long, with, in 
abandoning the breech-loading Armstrongs for the | some cases, 80 ft. of the bar projecting beyond the 
muzzle-loading seven, eight and nine-pounders of | rear end, to see these coiled on a coiling mandril, 
Whitsworth. The smooth-bore has been almost | to see two or even three of these coils wound upon 
universally abandoned except by America, which | each other, to see these solidly welded into a single 
retains smooth-bore twelve-pounders, and perhaps | block, a block which, for the new 25 ton guns, 
by Spain. Northern and Southern Germany have | weighs, in its rough state, upwards of 25 tons, all 
the sime system and caliber breech-loading four | this is a sight to see. It is wonderful to a forge- 
and six-pounders. Belgium most closely resem- | man—to any worker in iron—to see these blocks 
bles them in this respect. Revolving cannon, mit- | brought out perfectly sound, turned in lathes weigh- 
railleuses, and other similar instruments have been | ing 84 tons, and swung bodily into other lathes, 
almost universally experimented upon, with excel- | formed for turning the trunnions. It is something 
lent results as far as short and middle distances are | to see these guns reduced 7 in. in diameter at a 
concerned. Great value is attribnted to them in | single cut, something to see their steel tubes bored 
the defence of defiles and trenches, but they have | out of the solid, in segmental chips of § in. feed, 
been nowhere adopted except in France, where they | 54 in. radius, something to feel or to shrink from 
are to be.used in the field. With regard to heavy | teeling the heat generated in boring, notwithstand- 
artillery, the chief interest is excited by the ques- | ing the stream of cold water so freely admitted; a 
tion of iron plating. After the English experiments | stream almost large enough for the abundant sup- 
it may be considered as certain that the smooth-bore | ply of many a country village—all this is some- 
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thing, but it is much more to know, as we do know, 
that the guns thus made, costly although they may 
be, are indisputably the best guns for naval service 
known to ordnance engineers of the present century. 
—Engineering. 


RMOUR vs. SPEED.—* As it has proved impussi- 
ble to invent a plating absolutely impervious to 
guns of a high caliber, some have lately begun to ques- 
tion the relative advantages of a defense, the value of 
which depends on distance. Hence many States 
have commenced building very swift vessels of 
wood, which are to be armed with heavy guns, and 
to carry a larger supply of coal instead of armour, 
and these may be very useful in conjunction with 
the iron-clads for the protection of the merchant 
navy, though they cannot supercede the latter in 
the line of battle, or the protection of the coasts. 
America has lately built the Wampanoag, a vessel 
of great speed, and England is now fitting up on 
similar principles the luconstant, a frigate lately 
launched at Pembroke. In order to obtain great 
speed, the chief advantage proposed, Reed has giv- 
eu the frigate an exceedingly light and slender form. 
Two smaller vessels, the Volage and the Active, 
each of 2,322 tons burden and 600 horse-power, are 
now being built at the docks of Blackwall on simi- 
lar principles. The Spartan, of 6 guns, lately 
launched at Deptford, is still smaller, and its supe- 
riority lies in the small quantity of coal consumed. 
The Sirius, a wooden corvette, which is intended to 
supply the place of those formerly in use in hot 
climates, is a vessel of six guns, 1,268 tons burden, 
and 350 nominal horse-power, constructed by Reed, 
and furnished with very healthy cabins and berths, 
and excellent ventilation. Even if these vessels 
should satisfy all the expectations formed of them, 
they would not, as we have already said, supercede 
the iron-clads, and Dupuys de Léme in France, and 
Coles and Reed in England, rival each other in in- 
genious endeavors to perfect the construction of the 
latter.” —Staats Anzciger. 


ESIGNATION OF M. Dupuy pe Léme— THE 

French Navy.—In the French naval world 
the news of the day is the resignation of the Chief’ 
Constructor of the Fleet, M. Dupuy de Léme, who 
has thrown up his office and gone to canvass a sea- 
board constituency. It is presumed that he could 
not get on with the present First Lord, Rigault de 
Genouilly. Most of the large wooden screw vessels, 
and all [the iron-clads, with the exception of the 
Couronne and a few floating batteries built by Le- 
moine, were constructed by M. Dupuy de Lome. 
The resignation is kept dark, as there is no naval 
architect to replace the engineer who applied steam 
to the navy when he built the Napoleon, and plates 
to frigates when he built La Gloire. The state of 
the French fleet for the present year is thus set 
down: Ships, 2; frigates, 19; corvettes, 9; coast- 
guards, 7; floating batteries, 26—total, 63 iron- 
clads. Of screws there are 241, or 15 ships, 10 fri- 
gates, 21 corvettes, 60 avisos, 70 gunboats, 35 
transports and 2 specials. To this force must be 
added 51 paddle-wheelers and 100 sailing vessels. 
Of the iron-clads we may remark, that the two 
ships, the Magenta and Solferino, are not so large, 
and are by no means such formidable vessels as the 
largest type of frigate, represented by the Ocean, 
‘which is now ready for sea. M. Dupuy de Léme 
designed five of these frigates before leaving office 


| —the Friedland, Marengo and Suffren, nid down a 
couple of years ago, and the Richelieu hardly com- 
menced. The Ocean will carry more guns than the 
Magenta, and she is more thickly plated; besides 
this, she has four fixed turrets on each corner of her 
central battery, each armed with an 11-inch gun’ 
The Minister of Marine, when he defends his bud- 
get next week, will perhaps furnish some details 
respecting his department. — 4drmy and Navy 
Gazette. , 


ETAILS OF THE AMERICAN Navy.—Mr. Ford, 

the Secretary of our Legation at Washington, 
in his report to the foreign office, dated 3lst De- 
cember last, states that the cost of the navy during 
the past year was £3,656,066, the total number of 
vessels of all sorts being 206. The following table 
shows its character : 





No. Guns. 





129 
938 
199 
477 


err rer va 
Screw steamers........... 
Paddle-wheel ditto 

Sailing vessels.......-.... 





Total.... 1743 











It will be seen that the American ironclads carry an 
average of only two and a quarter guns. The Euro- 
pean squadron includes five vessels: the Asiatic, 
nine vessels; the North Atlantic, six vessels; the 
South Atlantic, five vessels; the North Pacific, 
eight vessels; and the South Pacific, six vessels. 
The net proceeds of the prizes captured during the 
late war had been adjudicated at the large amount 
of £3,151,720. The list of the officers shows a 
great absence of the ornamental class; it includes 
one admiral; one vice-admiral, and only ten rear- 
admirals. There are 302 engineers, 20 chaplains, 
11 professors of mathematics, 5 naval construc- 
tors, 5 assistant-constructors, and 5 civil engineers. 
Mr. Ford states that the Secretary of the Navy 
calls attention to the fact that in none of the navy 
yards of the United States is there more than a sin- 
‘gle dry dock, and that there are but six in the whole 
country—a deficiency which would be seriously felt 
in the event of a maritime war. He adds that the 
docks at Cherbourg and Toulon, in France, and at 
Portsmouth, in Great Britain, each contain a greater 
number of dry docks than all the United States’ 
dockyards combined; and that whilst Great Britain, 
France, and other maritime powers are increasing 
their dry dock facilities, nothing in a similar direc- 
tion is being done in the United States.— Engineer. 


|| Apc Epvucation For Soipiers.—It is now 
proposed, though not for the first time, to 
teach the soldiers of France how to run a railway, 
in view of the new and important function of rail- 
ways in warfare. Says a Paris correspondent of 
the “‘ Engineer”: The Minister of War and the 
Minister of Marines have applied to the great rail- 
way companies to arrange for the instruction of the 
military engineer corps in the work of laying down 
and keeping in order iron ways which may become 
necessary in case of war, and also in the stoking and 
managing of locomotives. The companies are said 
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to have expressed their readiness to do all in their 


Fraser. Of the 25-ton 11 in. guns, a good number 


power to carry out such measures, considering that | are already completed. 


it would be greatly to their interest to have a body 
of disciplined and intelligent men instructed in such 
duties, and from which hereafter they may obtain | 


New Rite, the invention of Meyhéfer, in East 
Prussia, is said to be capable of discharging 


engine drivers, stokers, and other servants and baad shots a minute, and of killing at 1800 paces. 


officers. 


on Harzpor Osstructions.—A subject 
under consideration by the French naval au- 
thorities, is the defence of maritime ports without 
obstructing the way ; several plans have been pro- 
posed in the case of Toulon, but none have been 
considered satisfactory, and a new project is now | 
put forward, which consists in the establishment of | 


a floating stockade, which can be laid across the | 
entrance of the port or withdrawn in a few hours, | 
and which at the same time shall be sufficiently | 
strong to withstand the full ‘force of a steam squad- 

ron, and thus guarantee the port from all chances | 
of sudden attack. The problem is not a very easy | 
one to solve, except at a considerable cost, and we | 
shall see whether the military and civil engineers | 
will hit upon a solution of it.-—Cor. Engineer. 


| yey Iron-Ciaps.—From a recent report of | 
the Italian Navy Minister it appears that during | 
the year 1868 three iron-clads were completed in | 
the Italian dockyards. These vessels were the | 
Venezia, a frigate; the Caracciolo, a corvette; and | 
the Alfredo Cappellini, a gunboat. Their aggre- | 
gate tonnage was 8,000, their steam power 1,270. | 
Four other iron-clads were in course of construc- | 
tion at the end of the year 1868, and the works | 


were being pushed forward with great activity. 
Italy is now building her war vessels in her own | 
dockyards, and fitting them for sea without foreign 
assistance, except in the ease of the guns, which | 
are of the Armstrong pattern, and which have ac- 
cordingly to be obtained from England. 


roor or U. S. Guns—Error Correctep.—In | 

the tast number of this Magazine, we copied | 
an item from the “‘ Philadelphia Inquirer” on the | 
cost of heavy guns, in whjch it was stated that | 
“from the spring of 1864, all 15-inch guns pro- 
cured at Pittsburgh were taken without any powder | 
proof, according to an order from the Chief of Ord- 
nance.’ This statement, we now learn officially, is 
not correct. Every 15-inch gun, and indeed every 
gun procured by the ordnance department at Pitts- | 
burgh was subjected to the powder proof befure 
being taken. And the Chief of Ordnance never 
accepted or authorized the removal of any guns 
from any one of the foundries before it was fired. 
soz Aryour Pxiates.—The results obtained last 

summer on the trials of the “‘ Millwall Shield” 
and ‘‘ War Office Casement,’ as compared with 
the late results against the ‘‘ Plymouth Fort” 
section, seem to have settled the question for ever 
as to the relative advantages of soft and hard iron 
plates for resisting shot. In the former trials the 
plates were soft and copper-like, and there was 
scarce a case of a crack, although the plates were 
hit much harder, while the result upon the hard 
plates of the Plymouth Fort were fearfully great, 
even against the twentieth portion of the target.— 
Army and Navy Gazette. 
7 Forty-Ton Gun.—Preparations are making 

at the Royal Gun factories for the manufacture 
of the 40-ton gun, some time ago designed by Mr. 





RAILWAY NOTES. 


HE First Locomorive.—Pen-y-darran, Wales, 

is chiefly remarkable for its connection with the 
first tramway—for which an act of Parliament was 
obtained in 1803 for the first locomotive ever tried ,— 
and with the able inventor, Trevethick, who there 
made his first essay. The first run of the locomo- 
tive occurred in February, 1804. Previously there: 
had been a whisper in-the scientific world of the use: 
of steam and of its employment in propelling, 
vehicles, and abortive attempts having been fre- 
uent. Samuel Homfray by some means was. 
brought into connection with Trevethick, and the 
result was that this able but ecentric man visited 


| Merthyr, and in conjunction with a self-taught 


mechanic, one Rees Jones, whose homely portrait 
can be seen in the Kensington Museum, began to 
build his locomotive. Building is not an inappro- 
priate word in this case, for the stack was actually 
built up of bricks the same as an ordinary chimney, 
and the whole affair was peculiarly odd. The stack 
was tall and clumsy, the body dwarfed, perched on 
a high framework, so as to approximate to the 
spider fashion ; the cylinder, in addition, was up- 
right ; the piston worked downwards, and at every 
revolution of the wheels there was a monstrous 
clang produced which, heard nowadays with the 
asthmatic putts of steam, would provoke the gravest 
mechanician to laughter. When completed, Hom- 
fray introduced his friend Richard Crawshay to the 


| novelty, doubtless much to that individual’s amuse- 


ment, certainly to his incredulity as to its being fit 
for anything, for he readily accepted a wager with 
Homfray for £1,000, maintaining that it would not 
convey a load of iron from Pen-y-darran to the 
navigation—a distance of nine miles. The eventful 
day arrived for the trial, and never had there been 
so much excitement. The sturdy Englishmen were 
there, and natives from every Welsh county lined 
the road, and mounted every eminence that com- 
manded the tramway ; and when Trevethick jump- 
ed on his iron steed, and began slowly to move on- 
wards amidst clanging iron and puffing steam, the 
uproar was terrific. By the arrangements made 
no one was allowed to assist the dauntless Cornish- 
man and for a time he did not seem to want it. 


| Surrounded by a host, he passed down the valley, 


making about five miles per hour when a sad mis- 
fortunate happened,—the clumsy stack came in 
contact with a bridge and wasruined! Trevethick 
stood for a moment among his bricks, but only 
amoment. Fertile in resource, he was soon steam- 
ing onward again, and not only conveyed his 
load of iron to the navigation, but a crowd of” 
exultant passengers along with it, who to their 
latest day prided themselves on their glorious ride 

It was fortunate for Homfray that the wager was 
a loose one. The iron was taken down and the bet. 
won ; but Trevethick failed to bring his empty 
trains back, and for some time the new invention as- 
a mode of transport remained in abeyance.—En- 
gineer. 
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Mr. Forbes, general man 
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ERMAN AssocraTION oF Rarwar EncineErs.— | 
Some years ago, all the German railway com- 

panies joined in a kind of association called die | 
Yechniker, Versanvurg des Vereins deutscher | 
Eisenbahn Vervaltungen,” with the object ofbring- | 
’ ing the experience of their respective railways into 
use to their mutual benefit. A technical commis- | 
sion of about fifty members was selected from | 
amongst the most eminent men from the different 
divisions of a railway administration. In 1865 a 
gencral meeting was held at Dresden, when it was 
decided that the long period of seven to eight years 
between each general meeting should be shortened 
to two years, and the next general meeting was fix- 
ed for 1867, but on account of the war did not take 
place till 1868—at Murich. Of the sixty-eight dit- 
ferent railways belonging to the association, there 
were no less than fifly then represented, generally 
by the director-general and the chief engincer. 

The advantage of these general meetings is, that 
the technical commission had brought together all 
the experience gained on the respective railways up 
to the present day, and answered all the questions 
which at the former meeting were proposed for 
discussion. Of the questions twenty-two related 
to the permanent way department, twenty-six to the 
engine and rolling stock, and fifteen to the traffic 
department. On all these questions each railway 
company had given their experience, and the 
technical commission had from these facts made a 
résumé in answer to each question, and published a 
large volume with tables as a “ referate,’’ given to 
each member. At the general meeting each ques- 


tion was read, as well as the résumé in answer to it, 
and if no objections were made by any of the mem- 
bers it was passed, as decided upon by the gen- 


eral meeting. 

At the meeting at Dresden again there were 
fermed different sections to discuss the different 
questions where members of each of these branches 
could more thoroughly discuss the matter without 
unnecessarily oceupying their fellow-workmen’s 
time, as was the case, when all the questions were 
treated together. It is only just to the technical 
commission to acknowledge the great accuracy, care, 
and skill by which all the questions have been 
treated. Indeed, we are told that the commission 
had had thirty meetings to investigate all the state- 
ments from the railways, and draw from them a 
résumé. 


HE Progress or THE Narrow GavGe IN GREAT 
Brirain.—The Great Western Railway has 
always played a prominent part in the annals of Bri- 
tish railways. Its career in connection with the 
broad gauge is one of considerable importance, and 
its struggles with powerful competitors in the in- 
terest of the narrow gauge will not soon be forgot- 
ten. It stretches its giant arms to Exeter and South 
Wales in one direction, and to Birmingham and 
Liverpool in another ; and in spite of every obstacle, 
it presses the London and North Western hard, as 
the greatest British railway. But at a time when 
it has attanied an importance of which its early 
promoters never dreamt, even in their most sanguine 
moods, the Great Western appears to be abandon- 
ing its first love, and to be gradually likening itself 
to other British railways by reducing its gauge to 
the width generally adopted. The whole of what 
is known as the northern division of the Great 





Western has now become narrow gauge ; and, al- 


though the broad gauge still stretches westward as 
far as Exeter and Truro, it is probably doomed for 
good and all, and will disappear altogether as years 
roll on. It is with railways as with individuals—a 
policy of eccentricity and isolation does not pay, 
and the railway which cannot send its trucks all 
over the empire, if need be, is sure to command 
but a feeble traffic ; and to yield meagre dividends. 
—London Colliery Guardian. 


RITISH AND Prussian Raitway Statistics 
ComparEp.—The Staats Anzeiger contains a 
comparison of the railway traftic of Great Britain 
and that of all the provinces of Prussia for the 
year 1867, according to which there was one Prus- 
sian mile of railway to every 1.9 Prussian square 
mile in Great. Britain, and for every 5.3 sq. miles 
in Prussia. The capital invested averaged 1,100,- 
198 thalers per Prussian mile in the United King- 
dom, and 549,975 thalers in Prussia. In the 
former State 2.8 locomotives and 90.16 carriages, 
and in the latter 2.4 locomotives and 122.6 car- 
riages were employed for every mile of rail. In 
Great Britain 17.338 trains run daily; in Prussia 
only 6,586, but the distances traversed by the lat- 
ter were far greater. In Great Britain 287,807,- 
904, and in Prussia 38,766,866 persons were con- 
veyed. In the former State the expenses amounted 
to 48,001 thalers, and the receipts to 86,480 thirs., 
and in the latter to 43,091 and 78,813 thalers per 
mile. The expenses are as follows : In the United 
Kingdom, for management of the line, 19 per cent 
transport 62, general management 18.3; in Prus- 
sia they were 32.6, 61.4 and 6 per cent. The paid 
up capital averaged in Great Britain 3.91, and in 
the Prussian private lines 5.98 per cent. 


HE Paciric Raitwar.—Mr. Dilke, in “‘ Great 
Britain,” says: The discovery that it was 
practicable to carry a railway over the Rocky 
Mountains, within American territory, fell almost 
as heavy on the hopes of the Canadians as the dis- 
covery of the route by the Indies to the Cape 
lighted on the old prosperity of Venice. Of all 
the marvels of American energy, of all the tri- 
umphs of rough and ready engineering, the Pacific 
Railway is perhaps the most marvellous and most 
triumphant. They say the rails can be laid at the 
rate of nine yards in fifteen seconds, and the work- 
men have to cross their hands while the 300 or 400 
tons of iron are brought up day by day to the 
front. The works are carried on in an enemy’s 
country, and the advanced carriages of the con- 
struction train are well supplied with rifles hung 
from the roof. 


HE CentRAL Rait Sysyem.—An experiment 
has been made on the road between Roanne 
and Charlieu, with a modified kind of mountain 
railway; a pair of rails about a mile in length was 
laid down by the side of the road, following all its 
irregularities, a central rail being added in those 
parts where the gradients were unusually steep, 
and the engine provided with horizontal wheels, 
which nipped this central rail. The report of the 
trial is but meager; but it is asserted that the en- 
gine, to which were attached three ballast trucks, 
worked admirably, going up and down the inclines 
with ease, not only with the aid of the horizontal 
wheels, but by means of these alone, the ordinary 
driving wheels being thrown out of gear. 
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AILWAY TRAVELING IN InDIA.—A correspon- 

dent of the Times writing from Umballa says: 
‘* As a striking illustration of the changes being 
wrought by railways in India, it may be recorded 
that I traveled from Calcutta to Umbualla in 41 
hours, including stoppages, by the special train 
which preceded the Governor-General’s, spent 24 
hours there, and returned by the ordinary express 
train in 52 hours—a distance of 1154 miles, or 2808 
both ways. The sleeping carriages enable the 
traveler to undertake such a continuous journey 
with comparatively little fatigue ; but the dust and 
dirt, who shall describe? The cost, first-class, is 
about £12 each way a servant. Dinner at refresh- 
ment-rooms, better than those of England, cost 6s. 
3d., with a quart of Ind Coope and American ice 
ad lib.”’ 


AFety Device ror Car AxtEs.—A new device 
for preventing serious results from the brakeage 
of axles when in motion, has been lately applied 
on the Providence and Worcester Railway. When 
first applied, it consisted of a wrought iron sleeve 
surrounding the axle, and extending from wheel to 
wheel, the sleeve being applied in halves, and firmly 
clamped together and to the safety-beam of the 
truck-frame. Now, in addition to the sleeve, the 
rims of the wheels are capped over with strong iron 
shields, which are bolted to the safety-beam and to 
the frame of the truck at the side, and fore and aft, 
so that the wheels and axle are pretty securely 
caged.—Cor. Railway Times. 


oopEN Wueets.—The directors of the New 
York and New Haven Railroad have decided 
to try an experiment in the use of wooden wheels 
on the cars upon their road. Quite a number of 
the wooden wheels have been purchased, and they 
will be substituted for the present iron ones on 
some of the new cars. They are understood to 
cost nearly trebble the price of iron wheels, but are 
considered quite as cheap in the end. They are 
made of elm or teak wood, and bound with steel 
tires. In addition to being less liable to break by 
the action of frost or otherwise, they make less 
noise. 


mane Hupson, the English “‘ex-railway king,”’ 
is now in France in an utterly destitute state. 
A'movement was on foot to induce the North- 
Eastern Railway company to grant him an annuity 
of £200 a year. Little more than twenty years 
ago Mr. Hudson (who had previously been a retail 
dry-goods merchant in a small town) was the most 
conspicuous man in England, and the titled per- 
sonages of the land had often to wait for an 
audience with him. 


NEW BOOKS. 


ne Mines oF THE West—A Report T0 THE 

SecRETARY oF THE TREAsURY. By Rossirer 
W. Raymonp, Ph. D., Commissioner of Mining 
Statistics. J.B. Ford & Company, 39 Park Row, 
New York. 

Congress made a wise move when it appointed 
Dr. Raymond Commissioner of Mining Statistics, as 
his preliminary report now before us amply proves. 
The appointment of scientific experts to positions 
of this character cannot be too strongly recommend- 
ed, and while Dr. Raymond’s predecessor, J. Ross 





Browne, did a great work and did it well, still the 
work which the present commissioner is required to 
carry on could only be thoroughly accomplished by a 
scientific man. This will be evident from the letter 
of instructions furnished by the Secretary of the 
Treasury, of which the following are the principal 
points. The most important subjects for inquiry 
at present seem to be— 

First. As to the different processes of treating 
the ores, their chemical combinations, and the sys- 
tem demonstrated by practical experience to be the 
most successful. 

Second. The relative merits of the various inven- 
tion machines and mechanical contrivances now in 
use or projected for the reduction of the precious 
metals, and for all other purposes connected with 
the business of mining and metallurgy. 

Third. The special needs of the great mining 
interest; how it can be encouraged and rendered 
most productive ; how far individual enterprise 
should be left untrammelled by legislative action, 
and to what extent and in what instances govern- 
ment might properly lend its aid to facilitate the 
development of the mines and thus arrest the pre- 
sent annual decrease of the production of bullion. 

Fourth. What has been the experience of other 
countries resulting from the establishment of na- 
tional stitutions for the education of miners, and 
how far would the systems prevailing in Europe be 
applicable to our people or appropriate under our 
government ? 

In view of the great and increasing importance 
of our mineral wealth, the weight of the questions 
here propounded and their intelligent discussion 
will be evident to all. 

Mr. Raymond in his reply to the Secretary of the 
Treasury, states: ‘‘I have not attempted to make 
it (my report) comprehensive, at the cost of accu- 
racy. It contains my observations and such others 
as I have collected from perfectly trustworthy 
sources. The report is in two parts, the first con- 
taining such observations of the present condition 
of our mining industry as I could collect, and the 
second discussing at considerable length the sub- 
jects involved in the relation of the government to 
that industry. The subject of methods and pro- 
cesses of mining and reduction I have entirely post- 
poned, proposing to treat it in my next report with 
more care and thoroughness than would have been 
possible in the brief period and with the limited 
means at my disposal last year.’”? The report is 
well and lucidly written, the style excellent, tech- 
nical or obscure terms are avoided. The report is 
embellished with profiles taken on the plane of the 
view, which will be found to help very materially 
in the proper understanding of the subjects dis- 
cussed. The bullion product for the past year, 
(1868,) is made to be as follows from official returns 
and estimates : 

California - 

Nevada 

Montana - - - 
Idaho - - - 
Washington and Oregon 
Arizona - - 
New Mexico - - 
Colorado and Wyoming 
All other sources - - 
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‘This is a decrease of $8,000,000 from the pro- 
duct of 1867, which showed a falling off of some 


$8,000,000 as compared with that of the year be- | 


fore. Montana, Idaho and Colorado, manifest a 
satisfactory improvement ; but there is a decrease 
of $5,000,000 from California, and $6,000,000 from 
Nevada, the latter being due to the exhaustion of 
many of the Comstock ore bodies.”’ 

“‘{t is an instructive fact that the greater product 
from deep mining is furnished by the same mines 
this year as last year and the year before, indicating 
that a more general adoption of systematic and eco- 
nomical methods would result in greater stability 
of production. The yield from placer mining must 
be exhibited to decrease, and its place must be sup- 
plied by the cement and quartz mines. The causes 
of the decrease in our production of bullion may be 
enumerated as follows : 

“1. The exhaustion of many surface deposits. 

“2. The reaction following upon a period of ex- 
cited speculation and the collapse of numerous dis- 
honest schemes. 

“3. The increasing and novel difficulties attend- 
ant upon the management of deep mines and the 
reduction of refractory ores. 

“4. The lack of communications, capital ead 


knowledge, such as are required for the creation of | 


enterprises based on the extraction and reduction 
of ores of low grade in large quantity—the ouly sta- 
ble form of mining. 

“5. The vexations and ruinous litigation which 
waits upon mining on the public dominion, and 


which is most troublesome and expeasive where | 


mining is, in other respects, most profitable—thus 


operating to destroy those enterprises which have | 


overcome other difficulties.”’ 


“ All these may be summed uy in one sentence. 
Mining has been found in too many instances to be 
unprofitable ; and the individuals who have lost 


money have retired from business. It ceitainly is 
not the duty of the goverpinent to give bounties to 
bolster up mining indusiry, if that industry is by 
the nature of the casc an unprofitable one. Yet it 
cannot be denied that the decrease of the product 
of gold and silver in this country is a matter which 
particularly concerns the government at this time; 
and it may well be inquired, whether the causes of 
it arc remediable. I believe that time will remove 
many of them, and that the action of government, 
based upon a just appreciation of its relations to 
the mining industry, will do away with the rest. 
Concerning the extent of our ‘mineral resources,’ 
the half has never been told ; but those resources 
are but one facter, which must be joined with labor 
and intelligence to make the product wealth. When 
the industry of mining in these rich fields is based 
upon a foundation of universal law, and shaped by 
the hand of educated skill, we may expect it to be- 
come a stately and enduring edifice, not a mere tent 
pitched to-day and folded to-morrow. This indus- 
try has been the pioneer in our far-western territory. 
It has founded State, attracted population, enlarged 


| : wy ee 
more than any other the aid of judicious legislation, 


| I believe it should receive immediate attention.” 

We have quoted Mr. Raymond's reply to the Se- 
cretary of the Treasury thus extendedly, because 
| his views are of such a practical character, and so 
worthy of the serious consideration of our people. 
We feel that our government, so liberal in its legis- 
lation in other matters—has not taken hold of this 
branch of our material wealth in a manner which 
the importance of the subject demands. We find 
that the most intelligent portion of our population 
does not comprehend the vast latent power—the 
power of gold and silver—which lies buried in the 
slopes of our great mountain chains of the west. 
The one individual fact that the Comstock Lode, of 
Nevada, has produced since its discovery in 1860, 
one hundred millions of dollars, should be sufli- 
cient to show that there is no single branch of i- 
dustry in our land more worthy of thorough syste- 
matic, scientific development than that of mining. 
| It is true that mining partakes of the lottery ele- 

ment ty some extent, for one day the miner “ strikes 
| it rich” and the next day he may be in non-produc- 
| tive ground, but this is equally true of any business, 
| however judiciously carried on. The curse of the 
| west has been the formation of vast companies with 
bogus capital, and incompetent managers in charge 
of the mining operations. Companies made up of 
our best eastern capitalists have employed and con- 
tinue to employ men as mining superintendents, 
who have not the first preliminary qualification 
which would fit them for their positions ; these 
very business men who are so cautious in the em- 
ployment of clerks or bookkeepers in their private 
business, exhibit the most remarkable lack of busi- 
ness ability in appointment of men to take charge 
of so important an undertaking as that of the de- 
velopment of a mine or the inauguration of metal- 
lurgical processes. We have known mining super- 
| intendents at the west who had never seen a mine 
| until their arrival on the ground, and who did not 
| know the difference between iron pyrites and native 
gold. Is it to be wondered at in view of these facts 
| that mining operations—as a whole—have not been 
| successful. At some future time we shall proba- 
| bly take occasion to discuss this subject of the em- 
| ployment of competent engineers in this branch of 
industry. 

Part first of the report is devoted to observations 
on the present condition and prospects of the mining 
industry. 

In his remarks on the New Almaden mines, Mr. 
R. says: ‘The quicksilver trade of the world is 
substantially an armed truce between Spain and 
California. The mine of Old Almaden, in Spain, 
supplies the market of London and a large part of 
Europe, and ships as far west as the city of Mexico. 
The New Almaden Co. got control of the Chinese 
market by underselling, and supplies of course the 
| American demand. so that the world is about 
| equally divided between these two companies. Dur- 
ing the year 1868, the New Almaden produced 











the boundaries of civilization, and it has done this | 1,960,286 pounds quicksilver. Accounts of the 
great work in a lawless and careless way, without | principal mines on the great mother lode of Cali- 
much regard to the future. I believe that with | fornia are given, together with the deep placers of 
the extension of the government surveys over the | Nevada county. A valuable chapter on the com- 
public domain, and the reduction of its vast area to | parative merits of giant powder and common pow- 
order and law, the con«'idation and definite adjust- | der. The largest portion of the first part of the re- 
ment of the mining £1 erests will become impera- | port is naturally devoted to Nevada, the mines of 
tively necessary ; and inasmuch as mining out runs | the Comstock being treated considerably in detail. 


all other activities in our new territories, and needs The White Pine district and its wonderful deposits, 
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comes in for a good share of attention. 
ample we extract a portion of the account of the 
** Eberhardt’ mine, its name having become almost 
synonymous with that of the cave entered by Alad- 
din. ‘‘Atadepth of twenty or thirty feet from 
the surface drifts have been run in all directions 
through solid masses of chlorides or other ores of 
silver for twenty—fifty feet, and the end is not yet 
reached. Descending the shaft we found ourselves 
among men breaking down silver by the ton. The 
light of our candles disclosed great black sparkling 
masses of silver ore on every side. The walls were 
silver, the roof over our heads silver, the very dust 
which filled our lungs and covered our boots and 
clothing was a gray coating of fine silver. From a 
chimney in the Eberhardt ground $85,000 worth of 
silver was taken in a few days. One of the owners 
of the Eberhardt, but recently a poor man, values 
his interest at $1,000,000.” 

Since the above was written many other locations 
of equal value are claimed to have been made. 

The notes on Montana, Arizona and other terri- 
tories are not very extended, having been furnished 
to the commissioner by other parties ; these terri- 
tories will receive greater attention during the 
coming summer. 

Part second, on the ‘“ Relations of Government 
to Mining,”’ is a most important part of the report. 
The subject is discussed under the following heads: 

Mining and Mining Law among the Ancient. 

Mining Law in the middle Ages. 

The Spanish Mining Law. 

Modern German Codes. The Code of France. 
Mining Laws of England and Canada, and finally 
mining education, under which head accounts— 
with the course of instruction—are given of the 
Freeberg, Berlin, Clausthal and Paris Schools. In 
this second part information is given which cannot 
readily be obtained elsewhere. : 


HEFS D’(EuvRE OF THE INDUSTRIAL Arts. (By 
Puitipre Burty.) Porrery anp PorceLain, 
Guass, ENAMEL, METAL, GoLpsmitu’s Work, JEW- 
ELRY AND TAPesTRY. Illustrated. Edited by W. 
Cuarrers, F. S. A. London: Chapman & Hall, 
Piccadilly. 1869. Sold by Van Nostrand, N. Y. 

Although this is not an engineering book, the 
subjects treated are of more than incidental import- 
ance to the engineer and the mechanician. There 
is much practical information concerning the pro- 
cesses and machinery of ornamental construction, 
but the charm of the book is thus expressed, at the 
close of a long review, in the ‘‘ Builder ”’ : 

To look carefully over this work brings an im- 
pression into the mind exactly like that which 
occupies it after a long day spent in the South 
Kensington Museum, or in the Louvre, or in the 
Vatican. And it also brings a desire to visit 
those courts and salles again, to see the lordly 
dishes and other triumphal specimens of the great 
ceramists, the clever, dainty, cunning enamels, the 
bronze and iron work of departed centuries, the 
sumptuous goldsmith’s work and sparkling jewelry, 
with the new lights its perusal has conferred. 


HE History AND ProGrRess OF THE ELECTRIC 
TELEGRAPH, WITH DESCRIPTIONS OF SOME OF 
THE Apparatus. By Ropert Sapine, C.E. Sec- 
ond edition, with additions. London: Virtue & 
Co. 1869. Sold by Van Nostrand, N. Y. 
The following are the principal points in this 
work—early observations upon electrical phenom- 





As an ex- | ena, telegraphs by frictional and voltaic electricity, 


and by electro-magnetism and magneto-electricity. 
An excellent and most useful description is given 
of the various telegraphs now in use. Treating of 
construction, we find a large amount of information 
on overhead and submarine and underground lines; 
and the final chapter is given to atmospheric elec- 
tricity. We feel sure that this edition, containing 
so much and such useful matter to the practical 
telegraphist, will be welcomed by all engaged in the 
profession as a most useful addition to their tele- 
graphic library.— Mechanics’ Magazine. 


= FUR SPECIELLE EISENBAHN-TECHNIK, 
Etc. Von E. HEvstncer von WaLpEaa. En- 
gleman, Leipzig, 1869. 8 vo., illustrated. 

The first part of this work, which is promised to 
be completed in four parts, has appeared, and it is 
probable that it will prove the most complete and 
encyclopedic work upon every branch of railway 
construction and plant, bringing down the subject 
to the existing date, that has yet appeared. This first 
part commences with an able sketch (not every- 
where absolutely free from slight errors) by Von 
Weber, Director of State Railways at Dresden, of 
the rise, progress, and history of railways. The 
remainder treats of the substructure of the way 
(without dealing with bridges, viaducts, etc.), of 
the table, ballasting, permanent way, fastenings, etc., 
of which copious details of all the many varieties 
on the German, American, and other lines are 
given ; and with the manufacture, verification, 
choice, ete:, ete., of rails, including the Bessemer 
manufacture of steel rails. There isa chapter of 
some interest upon the theoretic principles of the 
resistance of rails laid into way. One excellent 
feature of this really fine work, which is well illus- 
trated both with engraved plates and by woodcuts 
in the text, is a very complete bibliography and re- 
ference, at the end of each chapter, to all publish- 
ed papers upon its particular subject. These lists 
are chiefly of German works, but also contain those 
in most of the other European languages. The 
book is wonderfully cheap, considering its illustra- 
tions. We cannot say we have met with anything 
perfectly new to us in this first part.—Practical 
Mechanic’s Journal. 


| yep ILtusTRATED HANDBOOK OF MACHIN- 
ERY AND IRoN-workK. By AppLeBy Broruers. 
E. and F. N. Spon, 48, Charing-cross. 

We have here a handsomely published volume of 
some 450 pages, which endeavors to appear as 
little like a catalogue as possible, but with very in- 
different success. As a general catalogue it is ad- 
mirable, containing, as it does, between three and 
four hundred wood engravings, and the prices of at 
least two thousand machines and miscellaneous 
articles. The first section is devoted to drawings 
and prices of stcam cranes, travelers, winches, and 
steam-hoisting machinery ; the second to engines, 
boilers, turbines, and dredgers ; the third to steam 
and hand pumps, hydraulic machinery, motors, and 
fittings ; the fourth to contractors’ plant, the fifth 
to machine tools, and the sixth principally to agri- 
cultural implements. Added isa small collection 
of tables, memoranda, and information for engineers, 
possessing no great merit, and open to considerable 
improvement. But, as a price-book of general 
machinery, Appleby’s handbook is more complete 
than any which has yet been brought under our 
notice.— Engineering. 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


573 





{j\we Evasticiry, EXTENSIBILITY, AND TENSILE 

Srrenctu or Iron anv Street. By Knut 
Srrrre, Director of the Royal Technological Insti- 
tute at Stockholm. Translated from the Swedish. 
With an Original Appendix by Curistur P. Sanp- 
Berg, Assoc. I.C.E. With a Preface by Jou 
Percy, M. D., F.R.S. John Murray: London. 
1869. For sale by D. Van Nostrand, 23 Murray 
street, New York. 

This work is attracting great attention among 
iron and steel makers and constructors. It is re- 
viewed and quoted at great length by ‘‘ Engineer- 
ing,” ‘‘ The Engineer,’ and other authorities. It 
contains the result of a series of experiments con- 
ducted by a committee appointed by the King of 
Sweden, with the view of examining railway plant 
of home manufacture, and of determining the fit- 
ness of Swedish iron for such materials. The ex- 
periments were spread over several years, and had 
reference to the elasticity, ‘ extensibility,’”’ and ab- 
solute strength of different varieties of iron and 
steel. The tests were carried out under the direc- 
tion of Professor Knut Styffe, director of the Royal 
Technological Institute at Stockholm, a gentleman 


whose lifelong training in experimental science emi-. 


nently qualifies him for the task he has undertaken. 
It is no small recommendation of the author which 
Dr. Percy gives in his preface to the work : “ From 
the high position which I know he occupies in the 
estimation of scientific men in Sweden, perfect con- 
fidence may be placed in the accuracy of his re- 
sults, though his conclusions may not in every case 
be accepted.’’? The volume contains a large amount 
of information, carefully collected from trustworthy 
experiments; it is illustrated with numerous, al- 
though not very artistic, working drawings. An 
eminent authority on such matters—viz., Mr. Fair- 
bairn, writes: ‘‘I have great pleasure in bearing 
my testimony to the scientific and practical value of 
your translation of this important work, and, look- 
ing to the innumerable uses to which this material 
is applied, I have no hesitation in recommending it 
to the perusal of the architectural and engineering 
public.” The author divides his book into four 
chapters, the first treating of experiments on ten- 
sion at ordinary temperatures; the second, of the 
application of the results of these investigations to 
the determination of the relative values of steel 
and iron, and of the different varieties of these ma- 
terials, for different purposes; the third, of experi- 
ments on tension at high and low temperatures; and 
the fourth, of experiments on flexion at different 
degrees of temperature. To these chapters are 
added various tables and plates, and also a valuable 
appendix by Mr. Sandberg. 

The work, however, useful as it is in many par- 
ticulars, is severely criticized. ‘The Engineer ”’ 
pronounces it impractical and obscure, although 
painfully precise. Many of the considerations are 
quite new to iron workers in this country, at least, 
and will be farther referred to. 


ISINFECTANTS AND DISINFECTION. 


By Rosert 
Aneus Situ, Ph. D., F.R.S., F.C. S. Edin- 
burgh: Edmonston and Douglas, 1869. For sale 
by Van Nostrand, New York. 
By common consent, Dr. Angus Smith has be- 
come the first authority in Europe on the subject of 


disinfectants. To this subject he has devoted a 
lirge portion of his scientific life; and now, in a 
compact volume of only 138 pages, he has condensed 
the result of twenty years of patient study. We 





cannot too much commend the plan and exe ution 
of this inquiry. Almost every page contains evi- 
dence of exhaustive, laborious research, guided in 
its course by the clearest judgment. We seek in 
vain for some weak point to give us occasion to air 
our critical acumen. Our duty, therefore, must be 
confined mainly to giving extracts—criticism being 
out of the question—for no man living is competent 
to criticise Dr. Angus Smith on disinfection but Dr. 
Angus Smith himself—Chemical News. 


ie Mittine JourNAL AND Corn ExcuanGe RE- 
view. New York: J. D. Nolan & Co. Pub- 
lishers, 95 Liberty. 

The number of American journals devoted to 
special subjects is receiving constant additions. We 
have just received a copy of a new monthly journal 
devoted to the subject which its title, given above, 
indicates. The milling businees is one of vast mag- 
nitude in this country; and we should think there 
is a fine opening for a paper treating of it. The 
copy before us gives fair promise of success. 

The above notice is from the ‘‘ American Arti- 
zan;’’ we can fully indorse it, and we may add that 
the new journal has more practical information than 
most of the journals among us, that treat of special 
features of science and mechanics. Milling is a 
subject of sufficlent scope and importance to require 
quite as good a special organ as for instance tele- 
graphy and gas lighting, and this demand is likely 
to be supplied, if the mill managers and mechani- 
cians especially interested do their part. They will 
be the losers if such a journal is not properly 
encouraged. 
™ AMERICAN MILLER AND Mittwricut’s As- 

sistant. By W.C. Huauxs. Price $1.50 post 
paid. Same publisher. 

This is another extremely useful work on milling, 
and will be found a most acceptable compendium 
for references. It embodies the best information 
derived from the author's personal knowledge and 
practical experience. Few intelligent millers, we 
are persuaded, will long remain without it. It isa 
plain, practical treatise, written ina style which 
will be easily understood, and cannot fail to be of 
incalculable value to apprentices, and others, who 
have a desire to perfect themselves in every branch 
of milling.—Milling Journal. 

TT AMERICAN YEAR Book anp NaTronat Rea- 
ISTER FOR 1869. Edited by Davin N. Camp. 
Hartford: Pubiished by O. D. Case & Co. 

This work is the initial volume of a proposed 
annual publication, respecting the affairs of the 
General and State Government, public institutions, 
finances, resources and trade of this country ; the po- 
litical, financial and social conditions of other coun- 
tries; and various other subjects relating to social 
and political economy. The work is a thick 8vo., 
printed and bound in excellent style; and seems a 
valuable work of reference. 

‘}‘HE PuenomENA AND Laws or Heat. By 

Acuitte Cazin. Translated and Edited by 
Exrmu Rion. pp. x., 265. New York: Charles 
Scribner & Co. 

We have here an additional volume in the series 
of popular works on the wonders of science, which 
Scribner & Co. have recently introduced into this 
country. It is written in a style entirely intelligi- 
ble, even to persons without scientific training, and 
the numerous illustrations add greatly to the inter- 
est of the text. 
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. or PATenTs FoR INVENTIONS; WITH EXPLAN- 
AToRY Nores on THE LAW AS TO THE PROTEC- 
TION OF Desicns AND TrapE-Marks. By F. W. 
Campin. London: Virtue & Co. 1869. 

This book is highly recommended, and reviewed 
at length in “‘ Engineering,” which authority says : 
“« Mr. Campin’s book throws a clear light upon the 
subjects of patents and patent law in all its stages, 
and is illustrated by a host of the most pertinent 
cases.”? 

Although the details of proceedings in the British 
Patent-Office are of limited importance to others 
than professional solicitors of patents in this coun- 
try, the elucidation of British patent law is valuable 
to all men, here as well as in England, whose claims 
are or are likely to be involved. British precedents 
are as much relied on in our courts as at home. 


MISCELLANEOUS. 
ENGLISH AND FRENCH MEASURES. 
From ‘‘ The Engineer.” 


Lengths—Longueurs. 
1 inch 0.0254 métres 
1 foot 0.3048 métres 
1 yard 0.9144 métres 
1 chain 20.1160 métres 
1 mile 1609.315 métres 
1 millimétre 0.394 in. 
1 centimétre 0.8937 in. 
1 métre 8.281 ft. — 3 ft. 32 in. 
10 métres 82.809 ft. = 10.936 yds. 
1 hectométre 100 metres = 828.090 ft. 
109.863 yds. = 4.971 chains 
1 kilométre = 3280.90 ft. = 1093.63 yds. 
49.71 chains = 0.621 miles 
1 knot 6082.66 ft. = 1.152 miles = 
1853.931 métres 
£1 per mile = 15.525f. per kilométre 
100f. per kilométre = £6.437 per mile. 
1f. per métre = 8.778d. per yd. = 2.926d. per ft. 
1s. per yard = 1.367. per métre 
1s. per foot = 4.101f. per métre 
1 kilométre = 0.539 knots 


Areas—Superficies. 
1 square inch 6.4513 c'm* 
1 square foot 0.0929 m;? 
1 square yard 0.8361 m,? 
1 rod 25.2919 m/|* 

1 acre = 0.4047 hectare 

Imm? = 0.00155 square inches 
lem* = 0.1550 square inches 
lm? = 1.1960 sq. yds. = 10,7648 sq. ft. 
lare = 100m)? = 0.0247 acres 
lhectare= 10,000 m}* = 2.4711 acres 
1s. per square foot = 13.455f. per m}? 
1s. per square yard = 1.495f. per m)? 

: == §8.0266d. per square yard 
‘£1 per acre == 61.778f. per hectare 
100f. per hectare £1.6188 per acre 
100f. per are == £0.0162 per acre 


Measures of Capacity, Dry and Liquid—~Mesures 
de Capacité pour les Liguides et les Grains. 
1 pint = 0.5679 litres 
lquart = 1,1359 litres 
lgallon = 4.5435 lities 
1 peck = 9.0869 litres 
1 bushel = 36,3477 litres 


Vivid 


| 


1 sack 1.0904 hectolitre = 109.0430 litres. 
1 quarter 2.9078 hectolitres 

1 chaldron — 13.0852 hectolitres 

1 litre 1.7608 pint 

1 decalitre = 2.201 gallons 

1 hectolitre = 22.010 gallons 

1s. per gallon = 0.2751f. per litre 

If. per litre = 48.618d. per gallon 


Volumes. 

16.3870 c m* 

1 cubic foot 0.0283 m|* = 28 litres 

1 cubic yard 0.7645 m|* = 765 litres nearly 

1 ¢jm* = 0.061 cubic inches 

1djm* = 1 litre = 0.0353 = 61.028 cub. in. 

lm? = 1.8079 cubic yds. = 35.322 cub. ft. 

1 m? of distilled water (eau distillée) = 1 tonneau 
de mer, weighing 1000 kilogrammes 

1s. per cubic foot = 44.150f. per mj* 

ls. per cubic yard = 1.6349f. per m,* 

lf. per m/* = 7.339d. per cubic yard = 0.272d. per 
cubic foot 


1 cubic inch 


Power—Force. 
(Horse-Power, H. P.—Force en Chevaux.) 
1H. P. is the force that will raise 33,000 Ib. to 
a height of 1 foot in 1 minute. 
1 cheval-vapeur éléve 33,000 1b. @ 1 pied de haut- 
eur en 1 minute; ou 
75 kilogrammes @ 1 métre en 1 seconde. 
1 kilogrammétre is the force that will raise 1 kilo- 
gramme to a height of 1 métre 
1H. P. = 75 kilogrammétres per seconde 
1 Dynamie = 1000 kilogrammétres 
Pressures—Pressions. 
1 Ib. per square inch = 0.0703 kilos per c{m? 
1 kilo per centimétre = 14.229 lb. per sq. inch. 
1.033 kilo per centimétre = 14.73 lb. per sq. inch 
= 1 atmosphere 


Railway Earthworks—Terrassements. 

1000 cubic yards per mile = 474.755 m|* per 
kilométre 

1000 m|* per kilométre = 2104.823 cubic yards 
per mile 

Rails. 

1 lb. per yard run = 0.4958 kilos per métre 

1 kilogramme per métre = 2.0168 lb. per yard = 
0.6723 lb. per foot 


Move. EstaBLisHMENT.—It is a remarkable 

fact that Mr. Krupp—in business for forty 
yeurs, and with not less than 10,000 men for some 
years in his employment—has never had a dispute 
with a workman; a fact, doubtless, ascribable in a 
great measure to the admirable institutions and 
regulations for the benefit of the workmen. By one 
of the provisions of the establishment, every work- 
man becomes entitled, after twenty years’ work, to 
a retiring annual pension of half his last year’s sal- 
ary, and after thirty-five years he may retire on 
full pay. Such regulations, however effective they 
may be, do not appear to explain the extraordinary 
concord and order perpetually maintained in this 
enormous establishment. From 1,000 to 1,400 men 
are frequently engaged at one operation, such as 
casting an ingot. They work as one man, and the 
same harmony and regimental order prevails 
throughout. It is, doubtless, traceable, in part, to 
the military training which every Prussiao receives. 
—Fortnightly Review. 
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New Movement.—Apropos of the article on 

another page, relative to the perfecting of ex- 
isting American Scientific Schools, we are happy to 
learn that the alumni of the Rensselaer Polytechnic 
Institute, at Troy, propose to assemble at that place | 
on the 22d and 23d of June next, for the purpose 
of forming themselves into a permanent association; | 
partly, no doubt, for the purpose of inquiring into, | 
and intelligently representing throughout the land, 
the interests of that Institution, which, in certain 
respects, have long been strangely and lamentably 
neglected. We hail this movement with great plea- | 
sure from every point of view. It is, we believe, | 
the first one of its kind in the country; that is, the 
first made by the graduates of any of our Technical 
Schools. It will rally to the support of an old and 
honored institution the affections and counsels of an 
able body of graduates, and will naturally stimulate | 
effectual inquiry into its wants, and the reasons why | 
they have been so long unsupplied, and the best | 
means of meeting them. It will naturally still fur- | 
ther attract the friendly attention of the whole en- 
gineering profession throughout the land to an In- | 
stitution which, amid many discouragements, has 
striven indefatigably to honor that profession by rais- 
ing the standard of entrance upon it. It will thence 
properly cause the Institute to be more widely 
known and appreciated by the general public. We | 
have seen the circular, calling the meeting, which | 
is sent to every accessible graduate, and take plea- | 
sure in here giving publicity to the proposed move- | 
ment, in order that all concerned may be the more 
sure to be advised of it, and may be the more cer- | 
tain to attend. | 


HE Dust or Cities anp THE HEALTH OF MEN.— 
A microscopist (Mr. Dancer, F. R. A. S.) has, 
says the ‘‘ Daily News,’’ been examining the dust 
of our cities. The results are not pleasing. In 
every specimen examined by Mr. Dancer, animal, 
life was abundant. But the amount of “ molecular | 
activity ’’ is variable according to the height at 
which the dust is collected. And of all heights 
which these molecular wretches could select for the 
display of their activity, the height of five feet has 
been found to be the favorite. Just at the average 
height of the foot-passenger’s mouth these moving 
organisms are always waiting to be devoured and to | 
make make us ill.. A large proportion of vegeta- | 
ble matter also disports itself in the light dust of | 
our streets. Mr. Dancer’s observations show that | 
in thoroughfares where there is much traffic a large | 
proportion of this vegetable matter thus floating 
about consists of what has passed through the 
stomachs of animals, or has sutfered decomposition 
in seme way or other. This unpleasing matter, | 
like the ‘ molecular activity,’’ floats at a height of | 
five feet, or thereabouts. These observations tend | 
toa recognition of the manner in which some dis- 
eases propagate themselves, and the lesson to be | 
deduced is that the watering cart should be regard- | 
ed as one of the most important of our hygienic 
institutions, Supp!emented by careful scavengering | 
it might be effective in dispossessing many a terri- | 
ble malady which now holds sway from time to time | 
over our towus, 


Suz vs. PappiLE.—The splendid Cunard pad- 

die steamer Persia has been sold for £15,000. | 

Meanwhile no paddle steamers are building for the | 

am lines. The Pacific Mail still sticks to pad- 
es. 


Yue Cuannet Bripee.—It appears from the 
French papers that a proposal has been made to 

M. Boutet, the projector of this enterprise, to un- 
dertake the connection of the town of St. Malo 
with the French coast by a causeway or viaduct, 


| constructed on his system, and that the Anglo- 


French Channel Bridge Company are about to un- 
dertake this work. The town of St. Malo stands 


| upon an island, distant from the mainland, with 


which, however, it is in some measure connected by 
a causeway, usually covered by the sea. A road 
raised upon a bridge such as M. Boutet has pro- 
posed for crossing the Channel, would, therefore, be 
a great advantage to such a locality, and it would 
afford the company an excellent opportunity of 


| demonstrating the feasibility of M. Boutet’s mode 
of construction, which, indeed, seems to be pretty 


well acknowledged in Paris. The proposition forms 
the subject of a very elaborate criticism in the 
February number of ‘Le Genie Industriel,” a 
valuable and influential French work, which has been 
long devoted to the examination of leading scientific 
works. The writer of the article in question, M. 
Fieort, demonstrates the theoretic soundness of the 
principles on which M. Boutet relies.—Mining 


| Journal. 


tk new P. & O. Sreamsurp “ Deccan.”’—This 
vessel is the latest addition to the Peninsular 
and Oriental Company’s fleet. Her dimensions are 
as follows: Length between perpendiculars 345 
feet ; breadth of beam 42 feet ; depth of hold 304 
feet ; builder’s measurement 3,001 tons ; gross 
tonnage, 3,128. Her engines are of 600 nominal 
horse-power (indicating 2,730 during her trial) ; 
diameter of cylinders 76 inches, and length of 
stroke 4 feet ; and has a four-bladed propeller 18 
feet 10 inches in diameter, with a pitch of 274 to 
304 feet, and weighing 124 tons. Tworuns at the 
measured mile showed the following results :— 
Steam, 26 pounds ; vacuum, 28 inches ; revolu- 
tions, 52 ; the true mean speed being 13.733 knots 
per hour, with a mean draught of 18 feet 84 inches. 
The heating surface of the boilers is 12,504 square 
feet, fire-grate surface 420 square feet, and con- 
densing surface 5,864 square feet. 


| | gmp Green Woop..—A new method for dry- 
ing green wood ina very short time, says the 
** Builder,” consists in boiling it fur some hours in 
water and leaving it then to cool, by which the 


soluble substances are removed. It is then boiled 
in an aqueous solution of borax, by which the in- 
soluble albumen of the wood is rendered soluble, 
and escapes from the pores. The wood is then 
placed in drying-chambers, heated by steam, and 


allowed to remain three days, 
PN pene = InstiTUTE.—The vacancy in the Facul- 
ty of the American Institute, caused some three 
years since by the death of Prof, James J. Mapes, 
as been filled by the appointment of James A. 
Whitney, associate editor of the “ American Arti- 
san,” as Professor of Agricultural Chemistry. 


CHNIGAL Envcation.—Tho English Govern- 

ment have decided not to establish schools of 
technical education throughout the country, as the 
expense would be enormous. They have resolved, 
however, to give liberal support to local efforts 
made for this purpose, 
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()\ne Frencn Ariantic Case will be laid in 

June. Its length will be 3,564 nautical miles, 
from Cape Ushant, a few miles from Brest, via the 
French Island of St. Pierre (near Placentia Bay, 
Newfoundland), to Cape Cod, landing at Plymouth, 
Massachusetts. The cable will be an improvement 
in every respect, upon that of 1865-6. It will 
weigh 400 instead of 300 pounds to the mile. The 
London Times says: ‘“ the standard of the manu- 
factured value of a cable is judged by what are 
called its units of resistance to the passage of the 
electric current through the conductor, and the 
more perfect the insulation the greater that resis- 
tance will be. This resistance, measured by the 
galvanometer, is counted by millions of units. 
The Indian Government insisted on the Persian 
Gulf cable having a resistance of 50,000,000 of 
units. The standard of the Atlantic cable of 1865 
was raised to 100,000 units. In the cable of 1866 
the standard was raised to 150,000,000 units, 
and in this French cable the contract standard 
is 250,000,000 units. of resistance and no less ; 
-and in this high electrical condition it will be laid. 
After it is laid every day will improve its insulation. 
Thus the two Atlantic cables have gained so much 
in insulation since they left the factory that often 
during last year, it is said, they gave a resistance 
as high as 4,000,000 units.” 


RANITE Pavina v. MacapAM.—The question of 
the relative durability and safety of these two 
methods of covering metropolitan streets and roads 
has undergone much discussion lately by the various 
vestries, and as it is beginning to be discovered that 
paving is cheaper in the long run, it is likely that a 


great deal of paviors’ work will be done in the 
metropolis within the next two years. The ad- 
vocates of granite cubing seem to be in a majority 
everywhere, and financial difficulties only stop the 


way in most cases. The employers of horse power 
throughout the metropolis prefer paved roads, and 
no wonder when in the course of the year so much 
rough unconsolidated broken granite has to be 
traversed by them, tothe injury of the animals, 
and to the detriment of springs and wheels. Those 
who object to paved streets on account of the in- 
creased noise of the traffic have, to a great extent, 
to thank the barbarity of modern road making for 
the development of the present movement in favor 
of paved roads. The adoption of the steam road 
roller would not only have been an act of humanity 
towards our horses, but it would have enabled 
macadamised roads to be kept in constant repair at 
a far less cost than by the present slovenly method. 
—Building News. 


pee Sows AND Macuinerny.—The returns 
as to the exports of machinery and steam-engines 
from the United Kingdom for the first 11 months 
of last year are sufficient to enable us to form a 
pretty good estimate as to the year’s business, We 
sent last year fewer steam-engines to France, Egypt, 
British India, and Australia. Russia, however, 
came to the rescue, and took our steam-engines to 
the value of £200,537 in the 11 months ending 
Nov. 80 last year, as compared with £66,522 in the 
corresponding 11 months of 1867. The falling off 
in the demand for railway engines in British India 
rather seriously prejudiced the general result of 
last year’s operations 5 to Nov. 30 however, we 
sent abroad steam-engines to the value of £1,598,- 
705, as compared £1,829,578 in the corresponding 





eleven months of 1867, and £1,611,442 in the cor- 
responding 11 months of 1866. In the year 1858 
we only exported steam-engines to the value of 
£1,097 ,278, so that the general course of this branch 
of our exports is onwards. The exports of general 
machinery showed very little variation, upon the 
whole, last year, but the case would have been 
otherwise but for the augmented demand from 
Russia. 


| prmnenenn or Iron VessEts.—The enameling of 
saucepans and other articles in wrought or cast 
iron has long been practiced, a very fusible enamel 
reduced to powder being sprinkled ovey the surface 
of the iron when heated to redness ; but as the 
mixtures employed consist of highly alkaline sili- 
cates, the enamel is not very durable, and will not 
withstand acids or even salt liquids. An improved 
process has been introduced in France. The metallic 
surface is brought in contact with the ingredients of 
ordinary white glass, and heated to vitrification ; 
the iron is said to to oxidize by combination with 
silicic acid, and the glass thus forms one compact 
body with the metal. The coating of enamel may 
be laid on as thinly or as thickly as desired, but a 
thin coating is better as regards the effect of ex- 
pansion or dilatation. Experiments are being made 
in coating the armor plates for ships in the manner 
above indicated.—Scientific American. 


RCHITECTURAL Liprary.—The New York chap- 
ter of the American Institute of Architects 
propose to establish in New York a library of works 
on architecture and the cognate arts for the benefit 
of students, not of architecture only, but of those 
branches known as industrial designing. The ex- 
cellent tendency of such an enterprise is obvious. 
The more our architects know, the better and more 
economical will our buildings be. The members of 
the Chapter have already begun a subscription, and 
those who are interested should apply to Alfred J. 
Bloor, Secretary, 42 East Fourteenth Street, New 
York.—Harper’s Magazine. 


pucaTion —A Convention of American . Philo- 

logists will meet at Poughkeepsie on the 27th 
of next July, to consider some very practical ques- 
tions, as, How much time in college should be given 
to the study of language? How much to modern 
languages? What is the best method of instruc- 
tion in the classical language? What position 
should be given to the study of the English lan- 
guage in colleges and high-schools? The call is 
signed by many of the most noted instructors and 
scholars in the country, and the meeting will un- 
doubtedly be both interesting and serviceable.— 
Harper’s Magazine. 


REAT Art Prize in France.—In the month of 
August is to take place the first award of the 
great prize of 100,000f. instituted by the Emperor 
Napoleon III. to be voted by the Academy of the 
Beaux Arts and the Institute of France to the 
French artist, palnter, sculptor, or architect who 
shall have produced, and entirely completed within 
the five years preceding the time of the award, a 
work of great excellence. The jury is to consist of 
thirty members—ten sculptors, ten painters, and 
ten architects. Incase any of the members of this 
jury should become candidates for the prize, they 
will retire from it, and their places will be filled up 
by the Academy.—Building News. 





